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ZINC 

Physical Properties 

Zinc possesses a white oolour with a bluish grey tinge, and 
a high lustre on a freshly fractured surface. It crystallises in the 
cubical system. The nature of the fracture depends upon the 
temperature at which the metal was poured, and is independent of 
the subsequent rate of cooling; it is coarsely lamellar when the 
fluid metal was heated to redness before pouring, but fine grained 
when it is cast at its melting point. 

The specific gravity of unrolled zinc is 6*861 according to Brisson , 
6 9154 according to Kaisten, 7*149 according to Matthiessen. Zinc 
cast at its melting point and slowly cooled has a specific gravity of 
7*145 according to Bolley, and of 7*128 according to Bammelsberg; 
whilst when cast at a red heat and cooled slowly, it is 7*120 
according to the former, and 7*101 according to the latter observer ; 
if cast at its melting point and cooled rapidly, it has, according to 
the former, a specific gravity of 7*158, and, according to the latter, of 
7*147 ; whilst the respective results obtained from zinc, poured at a 
red heat and cooled rapidly, are 7*1 09 and 7*037.^ Its specific gravity 
is raised from 7*2 to 7*3 by rolling. 

At ordinary temperatures, zinc is so brittle that ingots and slabs 
are readily broken ; between lOO** and 150** C. it becomes so 
malleable that it can be rolled into thin sheets and drawn into 
wire ; at 200° C. it again becomes so brittle that it can be pounded 
into powder. 

Bertbier found that a wire 0*002 m. in diameter broke with a 
load of 12 kilos ; according to Karmarsch the tenacity of cast zinc 
is 197*5 kilos, and that of sheets and wire between 1315 and 1560 

^ Stulzel, Metallurgitt Brunswick, 1874, p. 752. 
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^ilos per square centimetre (2,809 lbs., 18,703 lbs. and 22,188 lbs. per 
square inch respectively). 

According to Regnault, the specific heat of zinc is 0 09555 for 
temperatures between 0® and 100® C. 

Zinc expands by of its length when heated from 0® to 100® C. 
According to Calvert and Johnson, the coefficient of linear expansion 
of hammered zinc is 0*002193. 

The conductivity of zinc, silver being taken at 1000, is 281 
according to Wiedemann and Franz; that of cast zinc is between 
608 and 628, and that of rolled zinc 641, according to Calvert and 
Johnson. 

The electric conductivity of zinc, silver being taken at 100, is 
24*06 according to Becquerell, 27*39 according to Matthiessen, and 
29*90 according to Weiller.^ 

Zinc melts at 412° C. according to Daniell, and at 434"' according 
to Person. It volatilises at bright redness, its boiling point being 
891® C. according to Becquerell, 1040° according to Deville and 
Troost, and 929*6® according to Violle; silver (melting about 954° C.) 
does not melt in zinc vapour. Zinc vapour can be condensed to 
fluid zinc by cooling; tho more diluted it is with air, the more 
difficult is this vapour to condense. When the temperature of the 
vapour falls below the melting point of zinc, it solidifies in the form 
of powder, forming what is known as zinc fume. According to 
Lynen,^ the zinc vapour produced in the extraction of zinc from its 
ores condenses between 415° and 550° C. According to Hempel,^ 
zinc vapour, formed by the reduction of zinc white in the blast 
furnace, was not condensed from the gases accompanying it until the 
temperature had fallen below 470®. 

When heated in the air to its boiling point, zinc burns with bright 
greenish and bluish white flame to zinc oxide. 

Commercial zinc is generally rendered impure by the presence of 
lead, cadmium and iron, and in many cases also of small quantities 
of tin, copper, arsenic, sulphur, carbon and chlorine. 

The effect of the impurities contained in the zinc upon the 
properties of the latter has been investigated by Earsten ^ and by 
Eliot and Storer.^ 

^ Journ. Franklin Iimt., April, 1892, p. 263. 

Zinc distillation furnace with ooniinon condensing chamber. London, 1893w 

3 Berg. u. Hau. Zty., 1893, No. 41, 42. 

** Karsten’s Archio, 1842, vol. xvi., p. 597. 

^ On the impurities of commercial zinc with reference to the residue insoluble in 
dilute acid, to sulphur and to arsenic.” Memoirs Am. Acad. Arts and BsUwxs. New 
series, vol. viii., 1860. 
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Lead is present in most varieties of commercial zinc. Karsten 
found the proportion in Silesian zinc to vary between 0*24 and 2'36 
per cent. Eliot and Storer found only 0*079 per cent, of lead in 
New Jersey zinc, and none at all in zinc froiQ Pennsylvania reduced 
from the silicate. 

The amount of lead that zinc can take up varies with the 
temperature, being greater the higher the temperature. According 
to the most recent researches on this subject, of Roessler >and 
Edelmann, zinc takes up 1*7 per cent, of lead at its melting point 
and 5*6 per cent, at 650"* G. If more lead is 'present than corre- 
sponds to the temperature of the metal, the excess separates out in 
the liquid state. 

A considerable proportion of load makes zinc tender; with per 
cent, of lead, it can still be rolled without cracking, but becomes 
softer and more tender. It can even be rolled with 3 per cent, of lead, 
but shows the above characteristics more markedly. Before zinc is 
rolled, lead is removed irum it as completely as possible by remelting 
the metal and allowing it to settle. 

Cadmium, occurs in most varieties of zinc, because this metal is 
present in most zinc ores. As cadmium is considerably more 
volatile than zinc, it is only to be found in very small amounts in 
commercial zinc. According to some experiments of Mentzel in 
1829, at the Lydognia Works in Upper Silesia, cadmium would seem 
to diminish the softness of zinc as soon as it is present in certain 
proportions. In the small amounts in which it exists in commercial 
zinc, it has no injurious effects upon the properties of the latter. 

Iron may be contained in zinc to the extent of several per cent., 
but rarely exceeds 0*2 per cent. The highest proportion of iron 
found by Karsten was 0*24 per cent., and by Percy’ 1*64 per cent. 
Eliot and Storer found 0*21 per cent, of iron in New Jersey zinc, 
and 0*05 to 0*07 per cent, in sheet zinc from Berlin. Oudemans 
found in a difficultly fusible substance with white, lustrous, hackly 
fracture, which collected in iron kettles in which zinc had been kept 
molten for many weeks, 4*6 per cent, of iron. In small quantities — 
up to 0*2 per cent, according to Karsten — iron does not affect the 
properties of zinc; in larger proportion, however, it renders the zinc 
hard and unfit for rolling. 

Tin has only been found by Eliot and Storer in American zinc 
from New J ersey and English zinc made by Vivian and Co., of Swansea. 
According to Karsten, 1 per cent, of tin renders zinc brittle at those 
temperatures at which it would otherwise be malleable. 

^ Metallurgy. First Division, 1861, page 690. 
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Copper was only found by Eliot and Storer in New Jersey zinc. 
Karsten found that ^ per cent, of copper makes zinc harder and 
brittle, so that it showed ragged edges on rolling, and could not be 
rolled without cracking. 

Arsenic occurs in small quantities in many vai'ieties of zinc ; it has 
not been observed to have any effect upon the properties of the 
latter. Nothing is known as to the influence of larger quantities of 
arsenic. 

Sulphur could not be detected by Karsten in any of the numerous 
samples of zinc examined by him. On the other hand, Eliot and 
Storer, as also Alfred Taylor, found small amounts of sulphur in 
a large number of varieties of zinc. No investigations have been 
made as to the effect of sulphur on the properties of zinc ; the small 
amounts found in zinc seem not to affect the latter. 

Carhon was found by Jacquelain in very small proportion (0*003 
per cent.) in one variety of zinc ; Rod well ^ found sulphate of lead, 
carbon and a trace of iron in the black residue that remains when 
commercial zinc is dissolved in sulphuric acid. It cannot be deter- 
mined whether this carbon is dissolved in the zinc or mechanically 
mixed with it. Such a small proportion of carbon seems not to affect 
the zinc in the least, whilst nothing is known as to its action in 
larger quantities. 

Chlorine has been detected by C. Kiinzel in a Belgian zinc that 
was prepared from the dross of galvanised iron, in quantities of 0*2 
to 0*3 per cent. ; this zinc, which contained only traces of lead and 
iron, could not be rolled. 

CiiKMicAL Properties 

Zinc is not aflected in dry air at ordinary temperatures ; in damp 
air in the presence of carbon dioxide, it becomes coated with a layer 
of hydrated basic zinc carbonate, which layer is sufficiently dense to 
protect the metal beneath it from any further atmospheric action. 

The massive metal is not attacked at ordinary temperatures by 
water free from air, but in the presence of air and carbon dioxide it 
is changed into the above-named basic carbonate. 

When zinc is heated in the air, it takes fire at a temperature ap- 
proaching redness (at 505'’C. according to Daniell), and bums with a 
luminous greenish and bluish white flame to zinc oxide, which in part 
floats as an incrustation upon the surface of the molten metal, and in 
part appears as a snow-white flocculent body {lana philos(pib,i^), 

^ Chem. NewSy January, 1861, No. 67. 
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Zinc decomposes water at a red heat, and is transformed into zinc 
oxide with the evolution of hydrogen. Zinc in a very fine state of 
division exerts a very feeble decomposing action upon water even at 
ordinary temperatures ; this action is favoured by the presence of acids 
and alkalis. 

Zinc is soluble in most acids. In dilute sulphuric and hydro- 
chloric acids it dissolves with the evolution of hydrogen, the rate of 
solution being more or less rapid according to the molecular condition 
and purity of the metal. According to Bolley, zinr melted at a low 
temperature dissolves more slowly than when melted at a red heat. 

Chemically pure zinc dissolves more slowly than metal contaminated 
with small amounts of impurities (Fe, Cu, Pb). According to THAte,' 
pure zinc is not attacked by dilute sulphuric acid. The difficult 
solubility of chemically pure zinc in acids is, acconiing to Werren/^ 
due to the fact that tlie metal becomes surrounded by a film of 
hydrogen the moment it is dipped into the acid ; on boiling, this film 
is tom, and the zinc dissolve^. Zinc dissohes readily in cold nitiic 
acid, because the latter oxidises the hydrogen evolved. The solubility 
of zinc in sulphuiic acid is promoted by the addition of chromic acid 
and of hydrogen peroxide. Impure zinc dissolves readily in acids, 
because the hydrogen is evolved, not from the zinc, but from the more 
electronegative foreign metals. 

Zinc is converted by carbon dioxide into zinc oxide at a red heat, 
carbon monoxide being formed. 

Aqueous solutions of the alkalies attack zinc with the evolution of 
hydrogen, but much more slowly than do acids. The action is more 
energetic when the zinc is in contact with iron or platinum so as 
to form a galvanic couple. Zinc is thus easily dissolved in potash lye 
when contained in on iron vessel. 

Zinc precipitates all the malleable heavy metals except iron and 
nickel from their solutions in the metallic state. Oonvcrsely it is not 
precipitated as metal from its solutions by any metal that is permanent 
in the air at ordinary temperatures. 

Stilphur combines with zinc at a red heat, producing zinc sul- 
phide ; the combination is, however, imperfect, because the zinc, even 
when in fine powder and intimately mixed with powdered sulphur, 
is protected by the superficial layer of the infusible sulphide thus 
formed. Zinc can be converted completely into sulphide by rapid 
heating with cinnabar, as also by fusion with potassic sulphide. 

By fusion with litharge, zinc is converted into oxide, whilst the 
oxide of lead is reduced to metal. 

Comptei Jtendw, 1885, 101, p. 1163. * J9er. d. Chem. Oea., 1891, 24, p. 1786. 
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By fusion with alkaline carbonates, zinc is converted into oxide 
with the evolution of carbon monoxide. When it is similarly treated 
with alkaline sulphates, zinc sulphate together with zinc oxide are 
formed, sulphur dioxide being evolved. Zinc unites with phosphorus 
at a red heat in various proportions to form phosphides of zinc. 

Zinc unites with arsenic in all proportions at a moderate tem- 
perature, alloys of the two metals being produced. The more arsenic 
it contains, the more difficultly fusible does the zinc become ; alloys 
containing large proportions of arsenic are absolutely infusible. 

Zinc forms alloys with a large number of metals. 


Chemical Reactions of Zinc Compounds that are of 
Importance in the Extraction of the Metal 

Zinc Oxide (ZnO) 

Zinc forms only one compound with oxygen, namely zinc oxide ; 
this occurs in nature as zincite. Artificially it is prepared by burning 
zinc, by heating finely divided zinc with nitre, potassic chlorate or 
arsenic acid, by igniting zinc caibonate, hydrate, sulphate or 
nil Kite, and by the oxidising roasting of zinc sul])hido. 

It foims a white or pale yellow powder, which becomes lemon- 
yellow on heating, but regains its white colour on cooling. 

Zinc oxide is infusible by itself, and is unaffected at temperatures 
that are not excessive, but is volatile at a strong white heat. 
According to experiments of Stahlschmidt,^ pure zinc oxide is percep- 
tibly volatile even at the melting point of silver ; at the melting point 
of copper its volatility is more marked (15 per cent.). At a white 
heat it volatilises rapidly. 

Zinc oxide is insoluble in pure water. Acids dissolve it readily, 
as also do solutions of caustic potash and soda, ammonia and ammonic 
carbonate. With sulphurous acid it forms zinc sulphite. 

Although zinc oxide is a strong base, it nevertheless combines 
also with other bases (with the alkalies and with alumina). It com- 
bines with water to form zinc hydrate, which is reconverted into 
oxide on heating. 

It is reduced to metal by carbon and carbon monoxide at a bright 
red heat. According to Hempers ^ experiments, reduction commences 
at a temperature below the boiling point of zinc, and is complete at 
a temperature above it, between bright redness and a white heat. 


1 Btrg , w. Hutt . Ztg ., 1875, p. 69. 


* Ibid ., 1893, Nob. 41 and 42. 
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When reduced by means of carbon, carbon monoxide is formed ; when 
reduced by carbon monoitide, carbon dioxide is evolved. The former 
gas is withotit action on zinc at any temperature, the latter oxidises 
it at a red heat. The quantity of zinc oxidised in any given case by 
a mixture of carbon monoxide and dioxide would seem to depend on 
the one hand upon the ratio in which these gases are present, and on 
the other hand upon the temperature. (See the reduction of zinc 
oxide by hydrogen.) 

When zinc oxide is heated with a sufficient quantity of carbon to 
its reducing point, zinc is first reduced by the darbon. The carbon 
monoxide thus formed itself reduces the oxide of zinc, becoming 
thereby converted into carbon dioxide. The latter has no opportunity 
of oxidising the zinc, because it is straightway reduced to carbon 
monoxi<lo again by the re^l hot carbon. As long, therefore, as a 
sufficiency of red hot carbon is present, zinc and carbon monoxide 
alone are produced. Any small amount of oxide produced by the 
oxidation of zinc is reduced again to metal by the carbon and carbon 
monoxide. These reactions would seem also to take place in the 
production of zinc from zinc oxide on the large scale. As carbon 
monoxide thus acts as a reducing agent, a very intimate mixture of 
zinc oxide with the carbon, or a very fine state of division of these 
bodies, is unnecessary. 

Zinc oxido produced by the dead roasting of zinc blende is more 
difficultly reducible thrin that formed by tho calcination of the 
carbonate. 

Hydrogen reduces zinc oxide to zinc at a rod heat; the water 
' vapour thus produced oxidises the zinc again to a greater or less 
extent. According to the experiments of Deville ^ and Dick,* zinc 
chiefly is obtained when a considerable quantity of hydrogen is passed 
in a rapid stream over the red hot oxide, whilst almost all the zinc i i 
again oxidised when a slow current of hydrogen is passed over the 
oxide. The oxidising action of the water vapour upon the zinc 
would seem to depend both on the ratio of the water vapour to the 
hydrogen and on the temperature. Deville is of the opinion that 
temperature is the essential factor, a rapid cuirrent of hydrogen 
causing a fall in temperature that is not produced by a slow one ; at 
this lower temperature water vapour cannot exert the oxidising action 
that it does at the higher. Further experiments are needed to 
decide whether this view* is or is not the correct ona 

Sulphur attad:8 zinc oxide when heated, zinc sulphide and 
sulphur dioxide being produced. 

^ Ann, d, Chim, et Phyn. (3) vol. xliiL, p. 479, 


■ Percy, Op, dt, p. 585. 
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At high temperatures iron ^ reduces sine oxide to metal. 

2Snc oxide unites with silica at a white beat to form silioates. 
Percy ^ found that the bisilicate could not be made to fuse at the 
highest white heat, whilst the monosilicates and the lower silicates 
fused at this temperature to more or less translucent slags of whitish- 
to greenish-yellow colour. According to Stelzner and Schulze,^ 
incrustations of silicates of zinc often form on the exterior of zinc- 
distillation muffles, which arc permeated by zinc vapours. In one 
case, one of these silicates contained : ZnO, 56*11 per cent. ; FogOs, 0*81 
per cent. ; Si02, 42*77 per cent. These observers found in ^e blue 
portions of the muffle walls a zinc-alumina spinel, tridymite, and a 
glass consisting of silicate of zinc. 

Zinc oxide combines with alumina at high temperatures to form 
aluminates. By heating an intimate mixture of zinc oxide and 
anhydrous alumina in the equivalent proportions of 1:6, Fercy^ 
obtained a grey sintered stony mass that scratched flint glass. In 
the blue portions of the walls of vessels used for distilling zinc, 
Wolilfahrt, Stelzner and Schulze ^ found a blue zinc-alumina spinel, 
in which a small portion of zinc oxide was replaced by ferrous oxide, 
its formula being ZnO A1203, and its composition — 

ZnO 42*60 

FeO 1*12 

AlgOg 55*61 

"^33 

When heated with eight times its weight of oxide of lead, zinc 
oxide melts to a limpid pale yellow fluid ; % when from six to seven 
times its weight is taken, the mass becomes pasty ; on further dimin- 
ishing the proportion of oxide of lead, difficultly fusible and ultimately 
infusible. 

The behaviour ,of zinc sulpliide with zinc oxide will be found 
under Zinc Sulphide. 

Zinc oxide melts with fixed alkaline carbonates to fluid, colourless 
transparent substances as long as its weight does not exceed one- 
fifth of the whole.^ 

Zinc oxide is dissolved as chloride of zinc by a solution of ferric 
chloride, an equivalent quantity of iron b^g precipitated as 
hydrate. 

^ Percy. Op. cit, p. 536. * Percy. Op. eit. p. 636. 

* Jdh^. f. Berg. u. HftUenweaen im K&nigreich Sachsen^ 1881. Berg. u. HUB. 
Ztg., 1886, p. 150. 

^ Op. cU.p. 539. 

* Berthier, toI. i., p. 515. 


• hoc. eit. 

^ Berthier, toI. ii., p. 567. 
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Zinc Sclphidb (ZdS) 

Zinc snlphide occurs in nature as zinc blende. This compound 
can be produced artificially in both the wet and the dry way. In the 
latter it is obtained by heating zinc oxide with sulphur, or in a stream 
of sulphuretted hydrogen, by heating zinc filings with cinnabar, by 
heating zinc filings or granulated zino with alkaline polysulphides, 
and by heating zinc sulphate and carbon to a white heat. 4s already 
stated, it is only partially formed when zinc and sulphur are heated 
together, but has been produced by repeated compression of a mixture 
of these two substances. 

In the wet way it is produced go an amorphous white powder by 
precipitating zinc solutions with ammonic sulphide or sulphuretted 
hydrogen. 

Sulphide of zinc is infusible ; according to experiments of Fercy^ 
it seems to be perceptibly volatile at high temperatures. 

It can be melted to a certaio extent with other metallic sulphides, 
forming a regains, which it tends to render difficultly fusible. It also 
melts to some extent with slags, rendering these, difficultly fusible^ 
unless considerable quantities of ferrous oxide are present in them. 

When pulverulent zinc sulphide is heated to redness in the air» 
zinc oxide and sulphate form, sulphur dioxide being given off. When 
the temperature rises to cherry redness, zinc sulphate is decomposed 
into sulphur trioxide, sulphur dioxide, oxygen and bask zinc sulphate ; 
when it rises still further to a full red beat approaching whiteness, 
the last-named salt is decomposed into zinc oxide, sulphur trioxide, 
sulphur dioxide and oxygen. 

When zinc sulphide is heated in water vapour, zinc oxide and 
sulphuretted hydrogen are formed ; this decomposition is, however, 
imperfect, and requires a temperature up to white heat 

When zinc sulphide is heated with carbon or in carbon-Uned 
crucibles it volatilises completely according to Percy, ^ or only leaves 
behind, if it was ferriferous, a residue of ferrous sulphide free from 
zinc. It is not stated whether the zinc sulphide volatilked un- 
changed or whether it was reduced by the carbon (with the formation 
of carbon disulphide), in which case metallic zinc must have been 
produced. These experiments certainly need further elucidatkn. 

Zinc sulphide heated with carbon and lime produces metallic 
zinc, calcium sulphide being formed the decomposition is, however, 
incomplete, and is said by Berthier to depend on the temperature. 

1 Op, eit, p. 540. * Op. cU, p, 543. 

> Berthier, Tr. d. voL ii, p. 570. 
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Iron decomposes zinc sulphide at a bright red heat, with the 
formation of ferrous sulphide and zinc vapour ; it is probable that a 
small amount of zinc sulphide will, however, unite with the iron 
sulphide, and thus escape decomposition. 

According to Fercy,^ tin only decomposes zinc sulphide imperfectly 
at bright redness. 

Antimony appears not to decompose zinc sulphide, according to 
Percy’s experiments, ‘ and lead only very imperfectly.* Copper de- 
composes it, according to the same authority,^ at a white heat with 
the formation of a copper regulus. 

Hydrogen has no effect upon zinc sulphide, according to Berthier.* 
According to Morse,* zinc sulphide can be apparently sublimed in a 
current of hydrogen. This circumstance is said to be caused by the 
reduction of the sulphide in the presence of excess of hydrogen with 
the formation of sulphuretted hydrogen, whilst at a lower temperature 
the volatilised metal takes the sulphur up again from the latter gas. 

According to Berthier, zinc oxide and zinc sulphide, when heated 
together in any proportions, form fusible oxysulphides 

Percy ^ deduces, from some rather imperfect experiments, that 
sulphide and oxide of zinc mutually decompose each other at high 
temperatures, like sulphide and oxide of copper. With suitable 
proportions it would accordingly be possible to reduce the whole of 
the zinc with the formation of sulphur dioxide, whilst any excess of 
sulphide or oxide would remain in the residue. If Percy’s deductions 
are correct, considerable quantities of zinc might thus be won; but 
bis experiments require confirmation. 

Zinc sulphide and cuprous oxide appear, from similarly incomplete 
experiments of Percy’s,* to decompose each other, a button looking 
like copper, and a regulus being produced. 

Zinc sulphide and litharge, heated together in suitable propor- 
tions, decompose each other, according to Berthier,* the products 
being lead, zino oxide and sulphur dioxide. If the zinc oxide thus 
formed is to form a liquid mass with the excess of lead oxide, there 
must be 25 times as much lead as zinc oxide present ; in these pro- 
portions a resin-like glassy slag is obtained. By heating a mixture of 
24>'08 grms. of blende with 55*78 grms. of litharge, Berthier obtained 
29*2 grms. of blackish-grey hard lead, with 1*8 per cent, of sulphur 


' Qp. 01*/. p. 643. 

• Op. cU. p. 643. 

* AniwUeH dea Minea (3), vol xi., p. 46. 
^ Op. cit p. 642. 


* Op. cit. p. 643. 

* Op. cit p. 644. 

^ Chem Ztg , 1883, p 179* 
® Op cit. p, 544. 


® Op. cit , vol.’i.,’p. 403 



ZINC 


11 


and 0'8 per cent, of zinc. Above the lead was a layer consisting of 
aulphides and oxides of, lead and zinc together with sulphur. 

Oarbon dioxide has no action upon zinc sulphide, even ai a red 
heat. 

When zinc sulphide and nitre are heated together, ztne oxide and 
potassium sulphate are produced. 

By fusing alkaline carbonates with zinc sulphide at a red heat, 
mixtures of zinc oxide, zinc sulphate and alkaline sulfides are 
obtained. j 

Zinc sulphide and lime only decompose each other, according to 
Berthier,^ in the presence of carbon. By heating 6*82 grms. calcium 
carbonate and 6*08 grms. zinc sulphide to a very high temperature, five- 
sixths of the zinc was volatilised, whilst tlie residue, weighing 4*8 grms., 
coutained but little sulphide of zinc. Perc^* heated up to a white 
heat 35 grms. of blonde with 85 grms. of lime, witiiout carbon, 
in a lime crucible placed inside a graphite pot and separated from 
it by a layer of lime, and obtaint v1 a pale brown, porous, imperfectly 
fused mass, weighing 27 gnns ; the latter yielded a little sulphide 
(calcium polysulpfaide) to boiling water, and dissolved in hydrochloric 
acid with the evolution of sulphuretted hydrogen, the resulting 
solution containing zinc. i|lhc above experiment does not, however, 
prove whether the decomposition of sulphide and oxide of zinc is in 
any degree a complete one. Attempts have been made to utilise the 
interaction of zinc sulphide, zinc oxide and carbon for the production 
of zinc on the large scale, but have been given up, on account of the 
imperfect reduction of the zinc compounds. 

Zinc Silicate 

This compound occurs naturally anhydrous as willemite (Zn 2 Si 04 ), 
and hydrated as hemimorphite (ZD 2 Si 04 -h HgO). As already stated, it 
is obtained artificially by heating zinc oxide and silica to a white heat. 

By heating to whiteness with carbon, the zinc of both the natural 
and the ai*tificial silicate can be completely reduced to metal. 
According to experiments of Percy,* complete reduction is also ob- 
tained when the finely powdered silicate is heated without any 
admixture of carbon in carbon-lined crucibles, but the reduction is 
imperfect when the silicate is treated in fragments of the size of peas 
in such crucibles. 

When zinc silicate is strongly heated with carbon and lime, the 
zinc is also completely reduced. 

^ Op, cit, vol. ii., p. 570. 

> Op. ck. p. 537. 


* Op. cie. p. 546. 
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Zinc Carbonate (ZaCOg) 

This compound occurs in nature as smithsonite, and in the form 
of a basic hydrated salt as hydrozincite (ZnCOg + 2ZUH2O2). It is 
produced artificially as a basic hydrate by driving off the ammonia 
from a solution of zinc oxide in ammonium carbonate. 

By heating zinc carbonate to redness, the carbon dioxide is 
expelled, zinc oxide remaining behind ; when heated with carbon or 
carbon monoxide up to the reduction temperature of zinc oxide, 
metallic zinc is produced. 

Zinc Sulphate (ZnSOJ 

This salt crystallises as ZnS04 + THgO, in which hydrated con- 
dition it occurs naturally as goslarite. It is prepared artificially by 
dissolving zinc, zinc oxide or zinc carbonate in sulphuric acid, as also 
by roasting zinc sulphide with access of air at the lowest possible 
temperature. 

On heating, zinc sulphate is converted into zinc oxide, the sulphur 
trioxide being evolved partly as such and partly splitting into sulphur 
dioxide and oxygen. 

Carbon decomposes zinc sulphate 9B heating; at a red heat a 
mixture of carbon and zinc oxide is left oehind, sulpliur dioxide and 
carbon dioxide being evolved ; at a higher temperature the carbon 
reduces the zinc oxide to metal. If on the other hand a mixture of 
zinc sulphate and carbon is heated sharply to whiteness, zinc sulphide 
and carbon monoxide are formed. 

A solution of zinc sulphate is decomposed by a galvanic current, 
zinc going to the cathode, and the acid radical to the anode. 

ZiNO Chloride (ZnCl2) 

This salt is produced by dissolving zinc, its oxide or its carbonate 
in hydrochloric acid, by the action of ferric chloride on zinc oxide, 
and by the chloridising roasting of zinc sulphide. The salt is 
volatile at a red heat Its solutions are decomposed by the galvanic 
current, zinc separating at the cathode and chlorine at the anode. 

Allots op Zinc 

Zinc alloys with many metals, for example, gold, silver, copper, 
lead, nickel, tin, antimony. 

It has greater affinity for silver than lead has; silver, can therefore 
be extracted from molten argentiferous lead by the aid of zinc. A 



zmc 


18 


mixture of various alloys of lead, zinc and silver is thus produeed, 
out of which the greater part of the lead may be liquated. If both 
the lead and the zinc aie free from copper, whilst a small proportion 
of aluminium is added to the zinc, a fairly rich zine-silver alloy can 
be obtained. From the triple lead-silver-zinc alloy the jdno may be 
removed by distillation, by oxidation, by slagging, and by treatment 
with dilute sulphuric acid ; the latter method can also be used 
for zinc-silver alloys, as may also distillation and eiectrolysia 

Zinc is therefore used for enriching poor argent^erons lead and for 
collecting the silver in alloys of either lead, zinc and silver, or of zinc 
and silver. 

By heating zinc alloys to the boiling point of zinc, the lattor may 
be vaporised and obtained by condensing the vapours. 

If ^ater vapour is passed into a red-hot, molten lead-silver-zinc 
or lead-zinc alloy, it is decomposed by the zinc present, hydrogen 
being evolved and zinc oxide formed, whilst silver-lead or lead, as 
tne case may be, remains behind. 

By fusing the above zinc alloys with lead oxide, the zinc may be 
separated out as oxide. 

By fusing lead-zinc alloys or lead-silver-zinc alloys with common 
salt, the zinc is converted into chloride, the other metals remaining 
unchanged. 

By the aid of a suitable electrolyte, with a proper strength of 
current, zinc may be electrolytically dissolved from its alloys and 
thrown down at the cathode. 


ZiNo Ores 

The most important ores of zinc are zinc blende, calamine and 
hemimorphite. The other ores, hydrozincite, zincite and franklinite, 
are of far less metallurgical importance, on account of their scarcity. 

Zinc Blende or Sphalerite (ZnS) 

Zinc blende forms at present the main source of zinc production. 
It rarely consists of pure sulphide of zinc, but generally contains 
sulphide of iron, together with smaller quantities of the sulphides of 
cadmium and silver isomorphously mixed with it. Pure zinc blende 
contains 67 per cent^of zinc. The ratio of iron present varies 
generally from 1 per cent, to 18 per cent. ; that of cadmium may go 
up to 3 per cent. 

Zinc blende is found in most countries. In Europe the chief 
localities are Germany (the Harz, the Erzgebirge, Silesia, Westphalia), 
the Rhine district (Hessen-Nassau and Baden), Austro- Hungary 
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(CiMrinihia, Hungary, Tyrol and Bohemia), Italy (Sardinia, Lombardy 
and Piedmont), Belgium (Corphalie and Engis), England (Wales,. 
Oornwall, Cumberland,. Isle of Man, Anglesea, Denbighshire and 
Shropshire), France, Spain (Santander), Sweden (Ammeberg and 
Copparberg), Russia (Allagin and the Donetz basin), Greece. 
In Africa, Algeria ; in Australia, New South Wales (Broken Hill) ; 
in Asia, Siberia (Altai) ; in America, the United States (New Jersey, 
Missouri, Pennsylvania, Wisconsin and Colorado), Mexico and South 
America (Huanchaca). 

Blende is frequently accompanied by pyrites, chalcocite, galena 
and various arsenides and antimonides, as also by quartz, calcite, 
dolomite, siderite, and in many instances by mica, chlorite and 
hornblende. 


Calamine or Zinc Spar (ZnCOj) 

This ore was formerly the chief source of zinc. At present a great 
number of the true deposits of calamine are exhausted, whilst 
others that carried calamine in the shallower portions have passed 
into blende in depth. The quantity of this ore that is treated has 
hence fallen off considerably. 

Calamine is rarely pure carbonate of zinc, but contains as a 
rule the isomorphous carbonates of cadmium, iron, manganese, 
calcium and magnesium. If quite pure, it would contain 52 per 
cent, of zinc, whilst the impure ore containing other carbonates may 
have under 40 per cent, of zinc ; the proportion of cadmium may go 
up to several per cents. 

Calamine occurs in Europe, in Germany (Upper Silesia, Rhine 
districts, Westphalia and Baden), Austro-Hungary (Carinthia), 
Belgium, Russia (Poland), Greece (Laurium), Italy (Sardinia), Spain 
(Santander, Granada, Carthagena, Almeria and Castillon) ; in America, 
in the United States (Missouri, Virginia, New Jersey, Tennessee, 
Arkansas and Pennsylvania) ; in Africa, in Algeria. 

This ore is generally intermixed with clay, brown iron ore, ;red 
hmmatite, galena, dolomite and cAlcite; what is known os white 
calamine contains clay as its chief impurity, whilst red calamine 
contains anhydrous and hydrated oxides of iron and oxide of 
manganese. 

Electric Calamine, Hemimorphite or Zinc Silicate 

(Zn,Si 04 + HgO) 

This ore contains 53‘7 per cent, of zinc when pure, and is often 
intermixed with the last-named. It occurs in considerable 'Quantities 
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in Altenberg near Aix-la*-Chapelle, in Sardinia (Igleflias), Spain, and 
the United States of North America (New Jersey, Pennqrlvania, 
Missouri and Wisconsin). 

WlLLEMlTB, TbOOSTITS OR HeBETINB (Zn^SiOJ 

This ore is an anhydrous silicate, and occurs with calainine in 
important quantities at Altenberg and in New Jersey, It contains 
58 per cent, of zinc. 

Htdbozincite oe Zinc Bloom (ZuCO, + 2ZnH20^ 

This ore occurs in small quantity in many deposits of zinc ore ; it 
is abundant near Santander. It contains 57*1 per rent, of zinc. 

Zincite oe Bed Zmc Ous (ZnO) 

This ore is coloured red by osdde of iron, and always contains 
oxide of manganese, tlie proporticii of manganese goin^ up to 12 per 
cent. It occurs abundantly in the State of New Jersey, When pure 
it contains 80*2 per cent, of zinc. 

Frankxinitb (3(FeZn)0 + (FeUn)fi^ 

This ore occurs with zincite in New Jersey; it contains 11 to 21 
per cent, of zinc, 

Metalluroical Products containing Zinc 

• Besides its ores, certain furnace products form sources of zinc 
extraction. Among these are the so-called fimvm calamim 
(furnace deposits obtained during the smelting of lead, copper, stiver 
and iron ores containing zinc, and which are largely composed of zinc 
oxide), zinciferous flue dust, zinc fume, zinc dross, roasted silver ores 
containing zinc. Zinc is obtained as a bye-product in the treatment 
of alloys of zinc and silver, zinc, silver and lead, and zinc, silver,, 
copper and lead. 

The Extraction of Zinc 

Zinc may be extracted from ores and furnace products by 
means of: — 

1. The Dry way. 

2. The Wet way, up to a certain point (combined wet and diy 
way). 

3. Electro-metallurgical methods. 
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*npMauic nnc can only be obtained in the dry way and electro- 
neCuDhirgicaliy. As zinc cannot be separated from its solutions by 
means of any of the metals that resist ordinary temperatures, the 
wet method only admits of the production of compounds of zinc 
(zinc oxide), from which the metal must be extracted in the dry way. 
Wet methods can therefore only be considered as accessory processes 
in the dry method of zinc extraction. 

The extraction of zinc from ores and furnace products in the dry 
way is performed by converting the zinc into an oxide (unless it already 
exists as oxide or silicate in the ores, or as an alloy in furnace products), 
followed by the reduction of the oxide or silicate by means of carbon. 
Furnace products which consist of mixtures of zinc oxide and metal, 
are submitted to direct reduction. From alloys with metals less 
volatile than zinc, the latter is obtained by simple distillation. The 
direct extraction of zinc from its sulphide by heating the latter with 
carbon and lime has not proved successful. 

The extraction of zinc by the combined wet and dry methods is 
performed by dissolving out the zinc, converting the zinc in solution 
into an oxide, and then reducing the latter by means of carbon. The 
electrolytic extraction of zinc is performed by obtaining the zinc in the 
form of aqueous solutions, from which zinc is separated by means of the 
electric current. If zinc exists in the form of alloys the latter may be 
used as anodes in the electric circuit. Of all the above methods, the 
dry way should be given the preference whenever the ores or furnace 
products are sufficiently rich in zinc. In spite of the great deficiencies, 
to be considered below, of the latter process, no success has attended 
attempts to replace it advantageously by combined wet and diy, or 
electro>metallurgi(*al methods. The combined wet and dry method 
has been tried experimentally on poor ores, but has hitherto failed, on 
account of a number of defects and of the high expense attached to 
it. It has only been employed definitely in cases in which the object 
was not the extraction of metallic zinc, but the separation of zinc from 
other metals or metallic compounds, so that the zinc is obtained as 
a bye-product in the form of commercial compounds, such as sulphate, 
chluride, basic carbonate or oxide of zinc. It is not, however, 
quite impossible but that it may find employment in zinc extraction 
proper os an auxiliary to the dry method for the preparation of com- 
pounds rich in zinc from ores or products poor in that metal. The 
electro-metallurgical method has, up to the present, only been used 
on an experimental scale, and with varying results upon zinc ores 
proper, containing no other valuable metal except zinc. AUhCugh the 
technical possibility of this process has been proved for such ores by 





19 


oontinuollB operfttion for a cartiin timid, it ii atiH to-day an 
queition whether it is superior to tho dry xae^uKL It oM be Hied 
with advantage for alloys which form anodos scduUd ia iho eMMriie 
dnmit. It has also been used seoenily for the extraction of Ahe zme 
from pyiitie residues, and is to be^ used shartly for tboiiKtiaetimi of 
zinc from intimate ndxtures of argentiferows ziao and nrof whiidb 
cannot be oompletely sefiarated by dknsiing (at Broken Hill, NJ3.W.), 

The zinc that has been obtained by the dry or coinhined wet and 
dry methods, is in most caces oontaminated by im|rQritie0» snob as 
lead and iron, which interfere with the tedhnioal ap^catiens of the 
former metal. It, therefore, needs a previous purificatfon, known as 
refining. This refining is executed in the dry way. 


Extiuctiok of Zinc in the Dbt Wat 
Susircietuni of ZiM from Ores 

The method of extracting zinc in the dry way, which has been 
used up to the present for ores, deponds upon the property of carbon 
and b^ies containing carbon to separate metcdlic zinc from the 
oxides and silicates of that metal at a high temperi*ture. The teoent 
suggestions to decompose sulphide of zinc by means of iron ^ have 
not yet been put into execution. 

« The ores from which zinc is extracted are the oxide, silicate, 
carbonate and sulphide. The ores consisting of oxide and silicate 
contain zinc in a combination suitable for reduction^ OrSt containing 
the carbonate can be converted into oxide by simple calcination; 
those that contain the sulphide by means of an oxidising roasting. 
The complete reduction of oxide of zinc only takes place at very hi(^ 
temperatures. It begins even below the boiling point of adnc at a 
moderate red heat, but is only complete at a bright redness approach^ 
ing a white heat. It is therefore necessary to increase the tempera- 
ture to the boiling point of zinc, so that the zinc is separated in the 
gaseous condition, and requires to be condensed to fluid zinc. 

The ohemical reactions in extracting zinc from its oxide and 
silicate consist in the formation of zinc and carbon monoxide, when 
the former compounds^are heated to ihe necessary temperature with 

1 Bngluh Patent, No. 6,029, 1887; Oerman R. Patent, Biewend, No. 81,868» 
Angoat?, 180a 
VOL. iz. 


0 
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caAosu Carbon monoxide, however, alao has a reducing action upon 
the oxide of zinc, carbon dioxide being produced. Carbon dioxide, 
which oxidises zinc at a red heat, is again reduced immediately upon 
its formation to carbon monoxide by means of the carbon, which 
must be present in excess, the carbon monoxide thus formed again 
reducing a further amount of zinc oxide. Oxidation of the zinc by 
carbon dioxide is therefore impossible in^ the presence of a sufficient 
excess of carbon. It is unknown to what extent carbon monoxide 
assists in the reduction of zinc oxide. The more intimate the 
mixture of zinc oxide with carbon, the better does the reduction of 
the former take place. 

The gaseous zinc must be condensed to the fluid state ; as zinc 
vapours are oxidised by air, water vapour and carbon dioxide, they 
must not be allowed to come into contact with these gases. The 
condensation of zinc vapour to fluid zinc, which forms the most 
difficult portion of the process of zinc extraction, only takes place 
between definite limits of temperature, and is then only possible 
when the zinc vapour is not too greatly diluted by other gases. If 
the temperature falls below the melting-point of zinc (415'' C.), the 
zinc vapours condense to a powder known as zinc fvme. If the 
temperature greatly exceeds 550'’ C., the zinc remains in the gaseous 
form. If the zinc vapours are mixed with foreign gases, their con- 
densation to fluid zinc is thereby rendered more difficult. When a 
certain point of dilution with foreign gases is reached, the zinc 
vapours will no longer condense to fluid zinc, but form zinc fume 
on cooling down. The temperature, at which zinc vapours, produced 
in practice by the reduction of zinc oxide by carbon, and therefore 
diluted with carbon monoxide, will condense to fluid zinc, lies between 
415'’ and 560'’ C. The necessity of employing a temperature ex- 
ceeding the boiling-point of zinc in the extraction of that metal, the 
readiness with which zinc vapours are oxidised by air, carbon dioxide 
and water vapour, and especially the difficulty of condensing into a 
fluid form the vapours of zinc diluted by other gases, cause the 
extraction of zinc to be one of the most difficult and most imperfect 
of all metallurgical operations. The readiness with which zinc 
vapour is oxidised compels the process of reduction to be carried on 
with the exclusion of air. The high temperature required for the 
reduction renders necessary the employment of a first-class fire- 
resisting material for the construction of the apparatus of reduction. 
The latter are at present dosed vessels, such as tubes or muffles, 
made oi fireclay, with a comparatively small capacity, and destroyed 
with comparative ease, so that the operation is attended" with high 
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costs in fuel and labour. As it is not possible to completely con- 
dense zinc vapours, as the walls of the apparatus of reduction are^ to a 
certain extent permeable by gases, and readily fractured^ as the 
material of the retorts always retains a certain quantity of zinc in the 
form of an aluminate, and as a certain quantity of metal always remaiiis 
in the residues, the extraction of zinc is accompanied with considerable 
losses of metal — amounting in favourable cases to about 10 per cent, 
of the zinc contents of the ore, and in some oases rising to 96 to 80 
per cent. For the above reasons, ores, the peroewtsge of zinc in 
which falls below certain limits, can no longer be treated with profit 
in the dry way. 

It is therefore intelligible that attempts should have been made 
for a long time to improve this defective process of zinc extraction. 
The process of distillation can only be avoided by means of elec- 
trolysis, because zinc is not precipitated in the metallic state from its 
solutions by any metal capable of existing at the ordinary tempera- 
tures, on account of its highly el<)Otro-pOBitive character. Up to the 
present, however, the electrolytic extraction of zinc from its ores 
has not shown any superiority to the process of distillation as now 
carried on. 

The numberless attempts to conduct the extraction of zinc oxide 
in reverberatory and blast furnaces \iave only given negative results 
as far as regards the production of zinc in the metallic state. By 
the employment of reverberatory furnaces zinc oxide only can be 
produced ; by the employment of blast furnaces zinc vapour can 
certainly be produced ; the latter has, however, even when heated 
air was employed, been found to be so greatly dilated by carbon 
monoxide and nitrogen, that it was impossible to condense it to the 
fluid state : only zinc fume can be separated from it. It appears, 
therefore, that blast furnaces can only be used for the production 
from ores, of intermediate products rich in zinc, such as mixtures of 
zinc fume or zinc powder with small quantities of zinc oxide, from 
which latter the zinc can only be obtained by treatment in retorts. 
Hence it happens that improvements in the extraction of zinc in the 
ordinary way, apart from the calcination of zinc-blende, have been 
confined to the distillation process in closed vessels. Many such 
improvements may be mentioned, : the introduction of gas-firing, 
the improvement of the fireproof material of the vessels employed, 
the production of dense vessels by means of pressure, the increased 
size of the furnaces, the more perfect appliances for the condensation 
of zinc vapour and for the removal of the products of combustion 
from the interior of the zinc workh 
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In zino extractioii^ as now praotised^ we have to distinguish : — 

1. The preparation of ores for the process of reduction by calcining 
or Toasting. 

2. The reduction process proper, or the extraction of the zinc 
from the calcined ores. 

1. Fbeparation of Ores for the Process of Reduction 

Zinc ores, wbkh contain the zinc in the form of oxide, require no 
preparation. Silicates of zinc but rarely form an independent object 
of zinc extraction, as they generally occur together with calamine, and 
are therefore treated in the same way as that ore. If they occur by 
themselves, they have to be calcined for the removal of the water, 
which would otherwise exert an oxidising action upon the zino during 
the process of reduction* No other preparation is required, because 
zinc is reduced from its silicates by means of carbon. Silicates free 
from water require calcination only to make them tender ; ores of zinc 
that contain the metal as carbonate and sulphide — viz., calamine 
(including zinc bloom) and blende — must be converted into oxide 
before they can be reduced. 

Zinc could be reduced from calamine without converting that ore 
previously into oxide ; but in this case the process would not only be 
seriously delayed by the expulsion of the carbon dioxide and water 
from the ore and the loss of heat thereby occasioned, but the products, 
carbon dioxide and water vapour, would exert an oxidising influence 
upon the zinc vapour produced. To avoid these objections, it is 
absclutely necessary to drive off the water and the carbon dioxide from 
the calamine by a decomposing roasting known as burning or calcining. 
This operation also possesses the great advantage of making the 
calamine more porous in structure. The reduction of zino is hereby 
greatly facilitate, as an opportunity is afforded for the carbon mon- 
oxide to penetrate through all portions of the calamine thus rendered 
spongy, and to exert its reducing influence upon it. 

Zinc blende must be converted into zinc oxide by means of an 
oxidising roasting combined with a decomposing roasting that shall 
decompose the zinc sulphate formed. 

Crushing Zvns Ores 

Of the above ores, zinc blende requires for its perfect calcination 
to be broken down to 0*04 to 0*08 inch mesh. Such crushing is also 
necessary in the case of pieces of blende which have been ^previously 
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rdasted in heaps, stalls or shaft furnaces before the final roasting. 
Whenever the blende is not produced in the form of conoecitrates by 
dressing works, the ores are crushed in rolls or edge mills after being 
previously broken with rock breakers in case of need. In Upper 
Silesia, Schwarzmann’s friction rolls have been found to 1ssexoeediD||^y 
efifective and durable. As calamine can be burnt in lumps, it o^y 
needs crushing after burning. The Belgian method of zinc reduction 
requires more complete crushing than does the Silekiftn Dsethod* 
For hard ores, such as silicate of zinc and willemite, rolls, ttxt soft 
ores, edge runners, ball mills and disintegrators are employed. When 
the ore has thus l^en obtained in the necessary form, it has to undergo 
a preliminary treatment, either 

(a) Burning or calcination of calamine. 

(&) Calcination of zinc blende. 

(a) Hiimtng or Oalevnmg of Calamine 

The object of this process is to remove carbon dioxide and water 
from the ore and to make it more porous. If other bodies containing, 
water and carbon dioxide are mixed with the calamine, the water or 
carbon dioxide must be driven off from them also. This object is 
attained by heating the calamine to such a temperature that the 
carbonate of zinc shall be decomposed into zinc oxide and carbon 
dioxide, which temperature must also be sufficient co decompose any 
foceign carbonates present. Calamine gives up its carbon dioxide at 
a moderate red heat, whilst the complete decomposition of calcium 
carbonate requires bright redness. The loss of weight of pure 4inc 
carbonate on complete calcination amounts to S5'5 per cent. ; when 
all the water is removed from silicate of zinc, this loses 7'5 per cent 
As a general rule, burnt calamine still retains more or less oarboti 
dioxide, up to some 17 per cent. 

As the zinc oxide produced by burning calamine gradually attracts 
carbon dioxide from the air, whilst lime does so rapidly, it is necessary 
to treat burnt calamine soon after it has been calcined, but imme* 
diately, if it contains muoh lime. Calamine may be burned in heaps, 
stalls, shaft or reverberatory furnaces. As a rule, burning in heaps 
and stalU, for which lump ore is necessary, is to be avoided on account 
of the imi^rfect decomposition of the ore and the great waste of fuel 
It is far more costly than the roasting of sulphidea in heaps and 
stalls, as in the latter case the greater portion of the heat required 
for the operation is produced by the combustion of sulphur, whereas 
the heat required to remove water and carbon dioxide from calamine 
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can only be produced by the combustion of extraneous fuel. Burning 
in heaps, with wood for fuel, is practised, according to Thum,i in the 
north of Spain ; burning in stalls, according to the same authority, in 
the mountains of the south of Spain, where wood is scarce. As a 
rule, lump calamine should be burnt in ordinaiy shaft furnaces or 
in shaft furnaces fixed by means of external grates, crushed ores in 
reverberatory furnaces. The grate-fired shaft furnace has this advan- 
tage over the ordinary shaft furnace, that the ashes of the fuel do 
not intermix with the burnt ore, as is the case when fuel and ore 
come into direct contact inside the ordinary shaft furnace. 

Burning Calamine in Shaft Furnaces 

Calamine can be burnt in ordinary shaft furnaces with a com- 
paratively small consumption of fuel, about 3*6 per cent, of the 
weight of the ore. This method admits of a high production, and 
requires but little labour; it has, however, the objection that the 
burnt ore is mixed with the ashes of the fuel. If, moreover, the 
temperature rises too high, some zinc may be reduced. The fuels 
employed are lean coals, low in ash, lignite low in ash, small coke 
low in ash, or small charcoal. These are charged in layers altei- 
nating with layers of calamine into the furnace. Together with the 
lump ore, the charge may contain a certain amount — 15 or 20 per 
cent. — of ore fines. 

The furnaces do not differ in any important respect from lime- 
kilns. The older furnaces liave boshes and heavy retaining walls. 
The latter can be replaced with advantage by a casing of iron plates. 
The height varies, according to the nature of the ore, from 10 to 
20 feet, and the diameter from 3 to 10 feet. The bottom is either 
flat, or provided with a cone. The output varies according to the 
nature of the calamine and its impurities, and the size of the furnaces. 
It is lower tlie greater the proportion is of lime and zinc-blende. 
Under favourable circumstances, with large furnaces it may amount 
to 25 or 30 tons per 24 hours. The fuel consumption also varies with 
the impurities of the ore, and may lie between 3 and 6 per cent, of the 
weight of the raw ores. Calamine is burnt in shaft furnaces in Moresnet 
(^l^um), Dortmund, Laurion, Lehigh (Pennsylvania), and in the 
district of Iglesias (Sardinia). At Altenberg, near Moresnet, a mixture 
of calamine and silicate of zinc used to be burnt in a shaft furnace of 
the construction shown in Fig, 1,® in which k is the lining, r the 

1 Bemerkungen itber ZinhlnduHtne, B. it. ff. Ztg., No. 17, p. 188, 1876. 

• Thum, ZinkhiittenbetrUh drr AUtiMrgtr Oeaainehafl, B. «. ff. Ztg.,;p, 405, 1869, 
and p. 4, 1860 ; Kerl, MetcUfhuttenkunde, p. 483, 1881. 
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retaining wall, v the cone, g arches, of which there are four, giving 
access to the draw-holes s. The shaft is 7 feet 3 inches in diameter 
at the throat, 9 feet 8 inches in the centre, and 5 feet 6 inohes at the 
draw-holes. The cone is 3 feet 6 inches high; the height of the 
furnace from the point of the cone to the throat is 17 feet 6 inches. 
In this furnace calamine mixed with some silicate of zinc was burned 
with lean coals and coke smalls. The layers of ore, which alternated 
with layers of fuel, were 6 inches deep; 26 tons of ore were burned 
in 24 hours, during which time there were six drawings. The con- 
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sumption of fuel was from 3 to 4 per cent, of the weight of the ore, 
and the loss of weight was about 27 per cent, of the weight of the raw 
ore. Any silicate of zinc, or any ferriferous calamine, were removed 
from the burnt ore by hand dressing, and after crushing were burned 
again. At Montefiore, near Iglesias, where shaft furnaces are used 
which have a conical grate instead of a simple cone, small charcoal is 
used as fuel, from 4 to 6 per cent, of the weight of the ore being 
consumed.^ 

Bwrning Ocdamim in Qrate-fired Shojft Furnaces 

Burning lump calamine in gri^-fired shaft furnaces yields a 
product which is not contaminated by the ashes of the fuel, though it 
may at times contain small quantities of flue-dust. There is also 
^ OeaetT, ZeUachrifit No. 40, 1886. 
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less danger of the reduction and volatiligation of zinc, than when the 
ore ocunes in direct contact with the fuel ; but, on the other hand, the 
fuel consumption is greater than in the simple shaft furnace. Only 
raw fuel or gas can be used for heating puiposes. The consumption 
of raw fuel amounts, according to its nature and that of the ores, 
to some 6 to 9 per cent oi the latter. The furnaces are constructed 
like limekilns, fired by external grates; they are circular in hori- 
zontal section and con- 
tracted below. Their height 
is 8 to 16 feet; their dia- 
meter, in the upper widest 
portion of the shaft, 5 feet 
to 5 feet 9 inches, at the 
narrowest portion, at the 
fireplace, 1 foot 8 inches to 
2 feet. The number of fire- 
places, which are disposed 
laterally about the lower 
portion of the furnace, is 
either 1 or 2. The output 
varies with the size of the 
furnace, the nature of the 
ores, and the number of 
fireplaces, lying between 6 
and 14 tons per 24 hours. 
Such furnaces are employed 
in the south of Spain. 

The construction of such 
a furnace, with but one 
fireplace, is shown in Fig. 2.^ 
S is the shaft, E the fire- 
grate,Z the opening through 
which the burnt ore is drawn. The ashpit A below the fireplace 
is closed, air required for combustion entering through a flue K 
in the brickwork of the furnace, in which it is heated before it enters 
at the grate The calamine to be burned is charged through the 
opening 0. The throat of the furnace is covered by a conical hood J, 
which terminates in a short flue W, and is provided in its upper 
part with a damper to regulate tjhe draught. In such a furnace with 
one fireplace, 5 to 8 tons of burnt calamine are produced in 24 hours, 
with a coal consumption of 8 to 9 per cent, of the weight of the burnt 

^ Bery und HiUien Btg., p. 360, 1862. 
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ore. The raw ore loses at least 10 per cent, of its weight by burning. 
In a furnace of equal size^ with two fireplaceSi about 10 tonfe of burnt 
ore were obtained in 24 hours with the same fuel consumpltion. Six 
men are required per 24 hours to work the furnace. 

Burning of Calamine in Beverheratory Fwmaces 

In such furnaces ore fines alone can be burnt satisfactorily ; lumps 
are far better burnt in either of the above shaft i^rnaces. Rever- 
beratory furnaces require more fuel and labour than do shaft 
furnaces, but, if well constructed, yield as great an output as do 
grate-fired shaft furnaces, viz., 8 to 10 tons in 24 hours. Reverbera-^ 
tory furnaces are employed of various forms, viz., with fixed hearths, 
with movable hearths, furnaces independent of zinc reduction furnaces, 
and revediexatory furnaces which are heated by the waste heat of 
the zinc reduction furnaces. Those reverberatory furnaces which 
arc worked independently are either gas-fired or fired by a grate. 
Wherever calamine is burnt at the mine, which is the better way 
whenever fuel is cheap there, and the ore has to be transported 
considerable distances to the smelting works, it is of course necessary 
to work the reverberatory furnaces independently. Wherever cala- 
mine is burnt at the smelting works, it is preferable to conduct the 
burning quite independently of the work of the reduction furnace* 
and to use the waste heat of the latter for warming the air used for 
combustion, or in the case of gas firing for heating up the gas. Only 
in such cases in which the furnace gases, after having thus been 
utilised, still retain sufficient heat to be able to expel water and 
carbon dioxide from the calamine, is it profitable to use them for 
burning this ore. 


Independent Beverheratory Fumeusee 
Fixed Bexerheratory Furnaces 

Such furnaces have to be worked as a general rule by hand-power. 
Only when labour is exceedingly dear is it possible to use with 
advantage fixed furnaces in which the ore is rabbled mechanically. 

Fixed Beverheratcry Fumaeee Worked hy Hand 

As a rule, the best furnace of this type for burning calamine is 
the long-bedded continuous-acting furnace, the so-called Fortsduxetfe- 
lungeofen. In these the ore is charged at the coldest part of the 
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furnace by the flue-bridge, and is shovelled gradually from this poiut 
to the hottest part of the furnace at definite intervals of time, until 
it is ultimately drawn out at the fire-bridge in the burnt state* 
Furnaces worked intermittently, in which the whole of the charge of 
ore which is to be burnt, is charged in at one time, and is drawn out 
at one time, when the operation is complete, are not to be recom- 
mended on account of their high cost for labour and fuel. Long- 
bedded calciners with only one hearth are to be preferred to 
furnaces of this type with two hearths lying one above the other, 
because working on the upper hearth is inconvenient, and when one 
of the hearths needs repairing the whole furnace must be let out. 
Furnaces witli two or even three hearths, one above the other, should 
therefore only be employed when ground space is cither very valuable 
or not to be got. The hearth either lies horizontally, or has a certain 
inclination (Ferraris furnace). The reverberatory furnace for burning 
calamine differsfroiir those used for calcining the sulphides of iron,silver, 
copper or lead, in that it is shorter and narrower than the latter. It 
must not be forgotten that when the above-named sulphides are 
calcined, a considerable amount of heat is developed from the ores 
themselves ; that the air required for their calcination enters by the 
working doors ; and that as long as it is not in excess, it becomes 
itself a source of heat on account of its action upon the sulphides. 
On the other hand, when calamine is burnt, no heat is developed 
from the ores, nor is any access of air necessary. In order to utilise 
the heat of the fuel to the best purpose, it is therefore necessary to 
have only as many working doors as are absolutely required for the 
satisfactory rabbling and turning over of the ores. It is also useless 
to give the hearth any excessive length or breadth, because the 
removal of the carbon dioxide requires a comparatively high tem- 
perature, whilst no heat is developed from the ore, as occurs in the 
case of sulphides even close to the flue-bridge. 

The length of the hearth should not exceed 40 to 43 feet With 
a double hearth and a single fireplace, the length of the two hearths 
together should not exceed the above amount. When gas-firing is 
used, the length of the hearth may be somewhat longer, up to 46 feet 
for instance. The grate-fired furnace with double hearth at the 
works of the Altenberg Company is 40 feet, including the upper and 
lower hearths. Another direct-fired furnace at Letmathe, near 
Iserlohn, in Westphalia, in which calamine was formerly burnt, 
possessed two hearths lying one above the other, with a total length 
of 27 feet. The gas-fired furnaces of Ferraris, with inclined hearth, 
at Monteponi, near Iglesias, has a total length of 43 feet '6 inches. 
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The breadth of the heai1;h should not exceed 8 feet, because other- 
wise the ore upon the hearth cannot be satisfactorily rabbled and 
turned over with working doors along one side only. For instance, 
the Letmathe hearth was 6 feet 2 inches wide, the hearth of the 
Altenberg Company’s furnace was 7 feet 6 inches wide, whilst the 
gas furnace at Monteponi has a hearth 8 feet 2 inches wide. The 
height of the arch of the working cliamber should be about 1 foot 
4 inches to 2 feet at the outside. In order to utilise the heat to the 
utmost, it is advisable to incline the arch somey^i towards the 
flue-bridge, or else the hearth may have a gradual slope upwards, 
or may rise by steps towards the flue. The hearth may be made of 
ordinary brick, fire-brick being only required in the neighbourhood 
of the fire-bridge. The working iioors are placed from 6 feet to 8 feet 
2 inches apart, centre to centre. The quantity of calamine that can 
be burnt in 24 hours depends upon the nature of the impurities, the 
size of the furnace and the character of the tucl. It varies from 3 
to 1 0 tons per furnace, the fuel consumption being between 10 and 
1*5 per cent, of the wciglit of the raw ore. Each furnace requires 
two to three attendants per shift The construction of a reverberatory 
furnace fired by grate, as built at the works of the Vieille Moutagnp 
Company, is shown in Figs. 3 and 4. The furnace has two hearths, 
H and J, The calamine is first dried on the arch G above the upper 
hearth, and is then let down on to that hearth by means of openings o, 
which can be closed when desired. After remaining 6 hours on that 
hearth, it is removed to the lower hearth through openings p, and 
after 6 hours further is emptied into the vaults K through the open- 
ings jf. F is the firegrate, T the flue through which the products of 
combustion pass into the stack, a are the working doors, which can be 
closed by sheet iron. Fig. 4 shows a plan of the upper hearth with 
the openings p. The openings q for emptying the calamine into the 
cooling vaults lie at the opposite side of the lower hearth. In 24 
hours 4 charges, weighing together 8 tons, are calcined in this furnace, 
with a consumption of 2*90 to 3*11 cubic feet of coal.^ 

At the works near Cilli, in Austria,^ finely ground calamine is 
calcined in long-bedded furnaces, which are built in pairs with their 
long sides adjoining, and with 4 working doors at the opposite sides. 
They are fired with lignite by means of special grates. In 24 hours 
7 charges of 12 cwts. each are worked off. One cwt. of coal is 
required for 3 tons 4 cwts. of calcined ore. 

At the Paul Works, near Bosdzin, in Upper Silesia, there are 
three long-bedded calcining hearths, one above the other, each of 

^ Thum, he, cit. * Berg, und Hktten, Ztg,, p. 31, 1894. 
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which has its own fireplace. Each hearth is 17 feet 10 inches long 
and 7 feet 10 inches wide On each hearth 15 tons of calamine are 
calcined in 24 hours, with a consumption of 1‘5 tons of coal The 
furnace is worked by one man, taking a 12- hour shift. The arrange- 
ment of a reverberatory furnace fired by gas (the Ferraris furnace), as 
used at the Monteponi mines, is shown in Figs. 5 and 6.^ 
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Two furnaces A and B, with mchned hearths are built side by 
^e with a back wall in common. There is a gas producer Q on the 
Boetius system, common to both furnaces The ores are charged at 
the upper end of each furnace through a hopper Z and pass through the 
upper to the lower end. The double furnace treats 20 tons of oic m 

' Marx. Zeitschiiftfar Berg HiUt - te Saltnen loeeen, vol xl 
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24 hours, with a consumption of Cardiff coals equal to 15*11 per cent, 
of the weight of the raw ore. . Five men are employed to work the 
two furnaces. The ore loses 23 per cent, by calcination. 



Fixed Reverheratoi'y Furnaces worked Mechanically, 

Such furnaces appear to be nowhere in use for calamine, unless 
the ore contains a considerable quantity of zinc-blende mixed with it. 
Their use would only be indicated in the case of abnormally high 
wagei^ Under such circumstances the furnaces of O'Harra, Vol. I., 
p. 72, the Pearce furnace, Vol. I., p. 75, and the Horseshoe furnace of 
Brown, Vol. I., p. 70, would probably be the most suitable, because 
their output is far greater than that of fixed reverberatory furnaces 
worked by hand, or of Parkes’s mechanical furnace, Vol. I, p. 78. 


B&oerheratory Furnaces with Memahle Hearths 

Calciners of this type, with fixed or movable rabbles, can scarcely 
be applied with advantage to the burning of calamine, on account of 
their comparatively small output. Many such furnaces may be men- 
tioned, e.y., that of Brunton, which is used for the roasting of tin ores 
containing arsenical pyrites, and the furnace of Qibbs and Qelstharpe, 
Vol. 1., p. 230, which is used for the chloridising roasting of cupri- 
ferous pyrites residues. 
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- Reoerheratory Fnmaccf^ with Mm^ahle Chimhers 

Such furnaces may be used when wages are high. They consist 
of rotating cylinders, which work either intermittently or continuously. 
Furnaces worked intermittently, which are used with advantage for 
the calcination of copper ores, and of which the best known is the 
Bruckner furnace, Vol. I., p. 80, have not been employed for the 
burning of calamine, as far as the author knows. Of the furnaces 
worked continuously, that of Oxland is used with advantage in the 
mining district of Iglesias. Figs. 7 and 8 show the construction of 
such a furnace as used at the Monteponi mine.^ 

In these figures a is the inclined rotating cylinder lined with fire- 
brick, &, h are friction rings resting on rollers, c is a toothed wheel 



worked by the tangent screw the latter being driven by a steam 
engine. The ore is charged through a hopper and falls from it on to 
a cast-iron plate, which forms the cover of the furnace, and upon which 
it is dried. Thence it passes through the hopper t into the tubep, 
through which it slips down into the cylinder. In consequence of 
the slow revolution of the cylinder, which turns 15 times in the 
hour, the ore gradually reaches the lower end, when it drops out in 
the calcined condition. F is the firegrate. The mixing of the ore is 
promoted by 4 ploughs arranged inside the cylinder; 12 tons 
of ore are calcined in 24 hours, the consumption of Cardiff coal 
amounting to 12 41 per cent, of the weight of the raw ore. The loss 
of weight amounts to 28 per cent. Two men on a shift work these 
furnaces. 


’ Marx, 1<K. cU. 
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Bmrheratcry Inmam, heatefji by the Waste Heat of Zvnc-BeducUcn 

Fiimaces 

Such reverberatory furnaces may be combined with Silesian or 
with Belgian zinc-reduction furnaces. With the former they are 
placed between two or four such furnaces, or in front of them, whilst 
in the latter caso they are built above them. The reverberatory 
furnaces are composed of flat brick arches over hearth^ of vazying 
shape and size. A calcining furnace combined with a ]^lgian zinc- 
reduction furnace, such as was formerly in use at Moresnet, is shown 
in Figs. 9 and 10. The products of combustion from the reduction 
furnaces enter tlie furnace body h through the slot k, and escape from 
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the former through the flue / into a stack 23 feet in height. The 
ores are charged with the furnace through an opening z in the crown 
of the arch. The burnt ores are discharged through a vertical flue w 
into a vault g built below the furnace. At p there are working doors 
through which the ores in the furnace can be rabbled. A furnace of 
this kind will calcine from 36 cwt. to 2 tons of calamine in 24 hours. 

Calcining furnaces attached to Silesian smelting furnaces have 
areas of from 10 to 53 square feet, and are connected with both the 
older and some of the newer forms of these furnaces. They have, 
however, an injurious effect upon the output of zinc both by reason of 
cooling the furnace walls, as also by interfering with the draught, and 
have, therefore, been entirely discarded in the most recent furnaces, 
or have been erected at some distance from them. The calcining 
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furnaces attached to the various types of Silesian furnaces will be 
found fully shown in the illustrations of the latter. Both crushed 
calamine and lump ore can be burnt in these furnaces. 

The calciners of the older Silesian furnaces have an area of 
square feet. In these 1*5 tons of calamine are burned in 12 hours. 
In the calciners of the stack-furnaces, which have an area of 10 
square feet, 8^ cwts. of calamine can be roasted in 8 hours. In the 
calciners of the blast-fired furnaces, which have an area of 16*8 
square feet, 14; cwts. can be burned in 8 hours. 

At Lipine, where reduction furnaces, fired with gas, and heating 
shafts are used, a small calciner is placed on either side in the 
middle of the furnace block. Its length is 7 feet 3 inches, its breadth 
2 feet 8 inches, and its height 2 feet 4 inches. In 24 hours, from 
2 tons 5 cwt. to 3 tons of calamine can be calcined. The labour is 
provided by the men in charge of the reduction furnace. On the 
.. average, burnt Upper Silesian calamine retains some 17 per cent, of 
carbon dioxide.^ Such of the latter as does not escape before the 
reduction of the zinc oxide, must be reduced to carbon monoxide by 
an excess of carbon in the muflSes. 

(h) CaldiMition of Zinc Blende 

The object of calcining zinc blende is to convert the sulphide of 
zinc into oxide by means of atmospheric air. Simultaneously the 
other sulphides contained in, or mixed with, the zinc blende are also 
converted into oxides. Any carbonates intermixed with the blende 
have also to bo converted into oxides. From any arsenical and 
antimonial compounds that may be present, the arsenic and« anti- 
mony must, moreover, be volatilised as completely as possible. The 
calcination must be conducted so that as little sulphur as possible 
remains in the calcined ore, because sulphide of zinc, whether it be 
present in the form of zinc blende that has remained undecomposed, 
or whether it is produced during the reduction process by the 
reduction of zinc sulphate, remains undecomposed when the zinc is 
reduced, so that its zinc contents are lost for the extraction of zinc. 
The complete removal of sulphur from the ore is, however, only 
exceptionally attained, because in calcination the last portion of 
sulphur can only be driven out with great difficulty, and because 
the formation of zinc sulphate, which is only completely decomposed 
at a red heat approaching whiteness, is unavoidable. Moreover, 
blende is often accompanied hy substances such as galena, chalco- 

^ SUgtr, Eisen u. MetcUl,, p. 67, 1888. 
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pyrite, stibnite, and silicates of iron and manganese, which are 
inclined to sinter or melt at high temperatures. These envelope 
particles of blende and prevent the oxygen of the air from acting 
upon them. Under these circumstances, it is quite unavoidable that 
small portions of sulphur, say 1 to 2 per cent., should remain in the 
calcined ore. To obtain as complete a calcination as possible, it 
is necessary that the blende should be crushed down to a mesh 
of 0*04 inch, or, at the outside, of 0‘08 inch, and for the decomposition 
of the basic sulphate formed the final temperature must be pro- 
portionately high. A high temperature entails, on the other hand, 
the objections that zinc oxide is volatilised, that it is reduced to zinc 
when brought in contact with the particles of carbon in the flame, 
and that the ore may be sintered or fused. Zinc sulphate can only 
be imperfectly decomposed by mixing carbon with the calcined ore. 
When pulverulent zinc blende containing only sulphide of zinc is 
calcined, as soon as the temperature rises to a low redness the sulphur 
is oxidised to sulphur dioxide, and the zinc which was combined 
with this sulphur is converted into oxide. The sulphur dioxide is in 
part volatilised, in part it is converted by contact with the red-hot 
portions of the ore and of the furnace walls into sulphur trioxide, 
which latter combines with a poriion of the zinc oxide to form 
sulphate. The lower the temperature, and the more the zinc blende 
is intermixed with other sulphides, the more zinc sulphate is formed. 
Thus in some experiments by the author, when an intimate mixture 
of e<{ual parts of zinc blende and galena from the Broken Hill Mines 
in New .South Wales was calcined at low redness, 40 per cent, of the 
zinc contents of the blende was converted into zinc sulphate. The 
formation of zinc sulphate is promoted more by the presence of 
pyrites than by that of any other sulphides. When the temperature 
is raised to a cheriy-red, the neutral zinc sulphate is split up into 
basic zinc sulphate and to sulphur trioxide or sulphur dioxide and 
oxygen. By further raising the temperature to the fullest red heat, 
the. basic zinc sulphate itself is decomposed in the same way. 
Schlapp found that during the decomposition of zinc vitriol dehy- 
drated as completely as possible, by means of heat on a large scale, 
some 30 per cent, of the sulphur trioxide escaped as such, whilst the 
remainder was split up into sulphur dioxide and oxygen. 

If the calcination takes place in reverberatory furnaces, any 
carbon monoxide present in the products of combustion has a re- 
during action upon the zinc oxide at the high temperature required 
to split up the basic zinc sulphate. The zinc vapours thus formed 
are sarried off, and are at once oxidised again by the air and 
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tile carbon dioxide pre^enti so that loss of zinc is thus incurred. 
' With a suiiicienUy long continued calcination and the employment 
of a sufficiently high temperature, it is, as above shown, possible to 
convert the whole of the zinc sulphide into oxide. As a rule, how- 
ever, in consequence of the difficulty of completely decomposing the 
basic sulphate and of oxidising the last portions of the sulphide of zinc 
present, small (][uantities of sulphur remain in the ore. In a scries 
of experiments^ the following decrease in the percentage of sulphur 
in the ore was found on roasting three different grades of ore in a 
Hasenclevcr furnace with three muffles lying one above the other : — 


Pkrc’Kntaoe of Si’i.nirK IK the Ork. 



No. 1 Oil. 

No. 2 Ore. 

No. 3 Ore. 

Blemle before uliarging 

19-2 

20-8 

26*5 

On leaving tlie first mufHe 

170 

191-19-9 

15*9-21*4 

On leaving the second muffle 

120 

1 1 -z-u-a ' 

' 9*9-12*4 

On leaving the thinl muffle . 

:v4 

1*02-1 *48 

0*75-l*(K» 

On drawing from the fm-nace . 

0*0 

o*ar>-i*o2 



The temperature in the first or uppermost muffle was from 680® 
to 690®, that of the two lower ones 750® to 900° C. If the blende 
contains, as is often the case, sulphide of iron isomorphously inter- 
mixed, magnetic oxide and iron sulphate are at first produced. As 
the temperature increases, the magnetic oxide is converted into ferric 
oxide, whilst the sulphate of iron is converted into sulphur dioxide 
and oxygen and basic sulphate of iron, the latter of which, when the 
temperature rises still further, is ultimately split up into ferric oxide 
and sulphur trioxide, or in part into sulphur dioxide and oxygen. 
This decomposition takes place far below the temperature of decom- 
position of zinc sulphate, and the gases produced by the splitting up 
of the sulphate of iron promote the conversion of sulphide of zinc 
into sulphate. At the conclusion of the operation, all the sulphide 
of iron will have been converted into ferric oxide, so that the product 
will consist of a mixture of ferric oxide and zinc oxide, together with 
small i|[uantities of zinc sulphate and undecomposed sulphide. 
According to Jensch,^ the sulphur contained in dead roasted zinc 
blende in the form of sulphide is said to be exclusively combined with 
iron. A calcination down to 0*5 per cent, of sulphur, present in the 
form of sulphide, would thus appear to be possible only in the case 
of blende free from or very poor in iron. In spite however of careful 

' Fischer's Jahreaber,, 1890, p. 444. 

” Zsitschr. f Aiiyewandte Chemw, 1894, p. 50. 



ZINC 


35 


dressing operations, blende is frequently intermixed with pyrites, 
chalcopyrite, galena, stibnite, ‘arsenides and sulph-arsenides, spathic 
iron ore, barytes, quartz, calcspar, dolomite and various silicates. It 
also often contains silver in extractable quantity. 

Pj/rites is converted into ferric oxide by calcination. In conse- 
quence of its rea(]y oxidisability, it promotes the commencement of 
calcination and the raising of the ore to a red-heat, but at the same 
time ('auses the formation of considerable quantities of sulphate of 
zinc. If sulphide of iron remains undecomposed after the calcination, 
it has an injurious effect in the process of reduction, as it perforates 
the walls of the vessels employed. In the presence of quartz, ferrous 
silicate may readily be formed in consequence of the action of reducing 
gases or of soot upon the ferric oxide at the high temperature of 
calcination. This not only envelopes particles of blende, but also 
acts injuriously upon the walls of the vessels employed in distillation 
owing to the formation of readily fusible double silicates. 

Ghdeopyrite is couverted on calcination into a mixture of cupric 
and ferric oxides, and has the same disadvantages as iron pyrites. 
The cupric sulphate formed by its calcination decomposes at a far 
h^wer temperature than basic zinc sulphate. As this ore is highly 
inclined to sinter on account of its containing sulphide of copper, it is 
very apt to envelope particles of unroasted zinc blende if the temper- 
ature is at all high at the outset 

Gakiia is converted into a mixture of oxide and sulphate of lead \ 
as galena sinters very rapidly, it is also apt to envelope particles of 
zinc blende, unless the temperature is kept very low at the outset. 
It also promotes the formation of zinc sulphate by the action of 
sulphur dioxide and oxygen or of sulphur trioxide upon zinc oxide 
or sulphide. Any lead sulphate which is not decomposed at the 
temperature of calcination melts just as lead oxide does at the 
temperature required to decompose zinc sulphate, and both sub- 
stances are apt to envelope particles of the ore. In the presence 
of quartz, silicate of lead forms, which is also easily fusible, and 
envelopes particles of ore. Lead oxide, as long as it is not present 
in too great a quantity (under 8 per cent.), is reduced in the 
process of reduction to metallic lead, as long as the gases of the 
vessels contain carbon monoxide. The lead thus farmed partly 
volatilises with the zinc and partly remains in the residue. When it 
is present in large quantities, and if oxidising gases or air are present 
in the vessels employed in distillation, it is partly converted into 
silicate of lead. This silicate of lead gives rise to the formation of 
readily fusible silicates, and thus rapidly destroys the walls of the 
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vessels. At the same time, lead may be reduced from it, and alloy 
with the zinc. 

Stibnite sinters very rapidly, and envelopes particles of uncalcined 
zinc blende. Its sulphur is converted into sulphur dioxide and 
promotes the formation of zinc sulphate. The antimony is converted 
into oxide, which partly volatilises and partly forms an tinioniates. 
The latter are also formed in part by the action of the oxide of 
antimony upon sulphates. These antimoniates remain for the most 
part undecomposed during calcination, and therefore appear as such 
in the calcined ore. 

Arsenides and sulph-arsenides give off their sulphur as sulphur 
dioxide, and a portion of the arsenic forms arsenic acid ; another 
portion of the arsenic forms arseniates of those metals (nickel, cobalt, 
iron and silver) whose arseniates resist the heat. The ultimate 
product of the calcination consists therefore of a mixture of metallic 
' oxides and arseniates. During the process of reduction, the latter 
are reduced, yielding metallic arsenic, which passes into the zinc. 

Siderite is converted on calcination into magnetic oxide, which 
promotes the formation of readily fusible silicates during the process 
of reduction, and, thereby, the destruction of the vessels employed. 
If quartz is simultaneously present in the ore, a readily fusible silicate 
of iron may form even during calcination, which would envelope 
portions of the ore. In consequence of the ready fusibility of silicate 
of manganese, such double silicates are apt to be formed if the 
spathic ore contains manganese. 

Quartz by itself has no injurious effect on calcination, as it only 
combines with zinc oxide at a white heat. It may, however, give 
rise to readily fusible silicates when pyrites, chalcopyrite or siderite 
are present in the ore. 

Barytes remains unchanged during calcination. In the process of 
reduction it becomes reduced to banc sulphide, which promotes the 
formation of zinc sulphide.^ 

GalcUe is converted partly into lime and partly into calcium 
sulphate. Lime, together with ferrous oxide, forms readily fusible 
double silicates with the silica of the containing vessels, and these 
silicates are apt to destroy the walls of the latter. The calcium 
sulphate is reduced to sulphide during the reduction of the zinc 
oxide, and thus gives rise to the formation of residues rich in zinc. 
Thum * states that the sulphides of the alkaline earths appear to give 
up half of their sulphur to zinc in the presence of free zinc and 
carbon. 

1 Thum, Berg, wnd HiUttn. Ztg,, 1876, p. 164. * Loc. cU. 
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Dolomite behaves like calcine. 

ArgeTiitUe is converted into sulphate of silver, which, in the last 
stage of calcination, becomes decomposed into silver, sulphur dioxide 
and oxygen. A portion of the silver is volatilised in the last stage of 
the calcination at the high temperature then prevailing. 

If readily fusible silicates, especially those of iron and manganese, 
are mixed with zinc blende, these will sinter in the last stage of the 
calcination, and envelope particles of ore. 

The loss of weight, by calcination, of zinc blende varfes with its 
impurities and with the temperature, ranging between 12 and 20 per 
cent. The completeness of tlie removal of sulphur from the crushed 
and roasted zinc blende when the calcination takes place in rever- 
beratory furnaces or muffles, may be proved by the chlorate of potash 
tost or by hydrochloric acid. The amount of sulphur in the form of 
sulphates, however, can only be determined gravimetrically or by 
titration with barium chloride. 

Tlic chlorate of potash t^^st, which is considered the most con- 
venient, is executed by heating an iron spoon to redness in the 
furnace, and melting some 30 grains of chlorate of potash in it. 
Upon the molten salt a small ({uantily of the ore to be examined is 
then sprinkled. If no sparks are produced, due to the presence of 
burning sul[>hur, calcination is complete. Even the presence of only 
a few small sparks is considered the sign of a good calcination, 
because in this case the sulphur has been removed down to 1 per 
cent. The hydrochloric acid test consists in heating a small quantity 
of the ore with pure zinc and dilute hydrochloric acid in a test-tube. 
When sulphur is present in the ore, sulphuretted hydrogen is evolved. 
The quantity of the latter, and therefore that of the sulphur present 
in the ore, is determined by means of a strip of paper soaked in 
acetate of lead, which takes a colour varying from light to dark 
brown, according to the quantity of sulphur present. The percentage 
of sulphur may be estimated by this test to between a half and one- 
quai:ter per cent. The colours obtained may be compared with 
colours which have been produced by roasted blende of known 
sulphur content, provided always that the tests are executed in the 
same manner. 


The Process of Calcination 

Blende can only be calcined satisfactorily in reverberatory 
furnaces and muffle furnaces. Calcination in heaps, stalls and 
shaft furnaces is only available for rendering the ore friable, or for 
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a prelioiinary roasting. Calcination in such apparatus must, accord- 
ingly, be followed by calcination in reverberatory or muffle furnaces. 
Reverberatory furnaces produce gases which contain sulphur dioxide 
intermixed and highly diluted with the products of combustion, so 
that the sulphur dioxide cannot be utilised ; such furnaces should, 
therefore, be used only when the utilisation of the products of cal- 
cination for the production of sulphuric acid is impracticable, on 
account of the absence of a market, and wlien the gases emitted 
may either be allowed to escape in the neighbourhood of the smelt- 
ing works, or when they can be rendered innocuous by processes 
which do not cause too great an outlay. Muffle furnaces admit of as 
good a calcination of zinc blende as do reverberatory furnaces, and 
do not require inucli more fuel than the latter, if proper use is made 
of the heat developed hy the oxidation of the sulphide of zinc. As 
these furnaces produce gases containing so much sulphur dioxide as 
• to bo suitable for the manufacture of sulphuric acid, they should be 
oiiiployed, as a rule, when there is a market for sulphuric acid in the 
neighbourhood of the works, or when the sulphur dioxide can be 
utilised with advantage in some other way. Before the introduction 
of the newer forms of muffle furnace, muffle furnaces combined with 
reverberatory furnaces were also used. In the muffles of these com- 
bined furnaces, sulphur dioxide was produced for the purpose of 
sulphuric acid manufacture, whilst the blende was roasted dead upon 
the hearths of the reverberatory furnaces. Their erection may be 
justified when there is only a limited market for sulphuric acid, so 
tliat only a portion of the sulphur dioxide contained in the gases can 
be worked up with advantage. Heaps and stalls can only be employed 
for rendering very compact blende more friable in such districts in 
which it is impossible to utilise the sulphur dioxide, and in which 
no injury is inflicted by the latter on the neighbourhood. In 
such cases, the calcination should be looked upon as a preliminary 
to the crushing of the lump ore, which has to be calcined dead in 
reverberatories after it has been crushed. 

Shaft furnaces may be used for preliminary roasting with certain 
varieties of blende which burn readily, when it is only possible to 
utilise the gases produced to a limited extent. After this preliminary 
calcination, the lump ore has to be crushed and roasted dead in 
reverberatory furnaces, whilst blende that has been partly roasted in 
the form of powder goes direct to the reverberatory. If, on the other 
hand, it is possible to utilise the whole of the sulphur dioxide 
available in the calcination of the blende, calcination in muffles ifi to 
be preferred to the combined calcination in abaft and reverberatory 
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furnaces, as the former type of furnace also admits of the utilisation 
of the heat developed by th^ oxidation of the sulphide. 

We have therefore to consider : — 

Calcination in heaps and stalls. 

Calcination in shaft furnaces. 

Calcination in reverberatory furnaces. 

Calcination in combined reverberatory and muffle furnaces. 

Calcination in muffle furnaces. 

Ctdcination in Heaps and 

This process can only be employed exceptionally for calcining 
blende in ordei to lender it friable in districts in which no complaints 
are to be feared on the score of the sulphur dioxide vapours, as was 
the case, for instance, at the mines of the Lehigli Company of 
Bethlehem in Pennsylvania ^ At these mines lump ore was 
calcined, resting upon a grate of iron bars supported by two outer 
walls and one central wall, in heaps 28 feet in length, 15 feet in 
width, and 8 feet 2 inches high, a wood fire being applied below the 
grate. The calcined blende was crushed and then roasted dead in 
reverberatory furnaces. The employment of stalls is unknown to the 
author. Neither of the above modes of calcination is probably in 
use at the present day. 

Calcinaiion in Shaft Furnaces 

Shaft furnaces are employed for the preliminary roasting of lump 
ore or of slimes. In both cases the sulphur dioxide that escapes 
<luring this preliminary roasting is to be utilised for sulphuric acid 
manufacture. The partly roasted ores are then completely de- 
sulphurised in reverberatory furnaces without any attempt being 
made to utilise the sulphur dioxide that escapes in this further 
roasting. Lump blende may be part roasted in kilns or pyrites 
burners; for the preliminary roasting of pulverulent blende the 
Gerstenhofer furnace has come into use. 

Caldnation of Lump Blende in Shaft Fwnums 

Kilns or pyrites burners may be employed for roasting blende in 
lumps. 

Kilns are moderately high shaft furnaces, in which the ore to be 
roasted rests either upon a grate or upon a flat or saddle-shaped 
* Berg, uiwl Ztg., 1872, pp. 53 — 61. 
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floor.^ They are distinguished from pyrites burners by their greater 
height, and they keep the temperature better together than the 
latter. They are therefore specially suitable for the calcination of 
blendes which are low in pyrites and in sulphur. The shaft of these 
kilns is rectangular or square in cross section, 3 feet 3 inches to 5 feet 
wide in the clear, and 5 feet to 8 feet 3 inches long in the clear. As 
soon as the blende has taken fire, it continues to burn by itself on 
account of the heat generated by the oxidation of its constituents, 
and this produces the tempeiature requisite to maintain the calcina- 
tion. In favourable cases the sulphur maybe removed down to G to 
8 per cent. Upon tlie average, the quantity of ore put through in 
one shaft amounts to 1 ton per 24 hours. In the Freiburg kilns, 
whose construction has been described in Vol. I., pp. 50-52, 1*2 tons 
of blende are roasted in 24 hours, from 30 per cent of sulphur down 
to 8 per cent., calcined ore being drawn four times This ore is then 
ground and calcined in reverberatory furnaces down to 1 per cent, of 
sulphur. 

Pyrites burners are low-sbaft furnac(*s in which the ores to 
be roasted lie upon a grate of movable bars. Tliese have been 
desciibed and illustrated in Vol. I, p. 45 ef hcq. Tliey are suitable 
for the preliminary calcination of easily combustible blendes, and will 
treat smaller pieces (down to walnut size) than will kilns. The 
sulphui may be brought down to G to 8 per cent. At Letmathe, 
near Iserlohn,- pyrites burners, (i feet 3 inches to G feet C inches in 
length and width, and 4 feet 3 inches to 4 feet 5 inches high, each 
with one working dour in both free sides, were employed, stiveral 
such furnaces being built together in a block. Each shaft roasted 
1 toil of zinc blende in 24 Lours down to 7 per cent, of sulphur. 
The roasted ore was then roasted dead in reverberatory furnaces. 

At Lipine, pyrites burners are at present (181)5) in use, whose 
lieight above the floor of the works is 1) feet 2 inches ; the shaft is 
4 feet 1 inch square. Twenty-six furnaces form a block. The height 
of the layer of blende above the giatc amounts to 1C inches. In 24 
hours hjilf a ton of blende, containing 25 per cent, of sulphur, is 
roasted down to 10 per cent. Tlie gases evolved contain 6 per cent, 
by volume of sulphur dioxide. One attendant is required to every 
10 furnaces, working a 12-hour shift. The roasted blende is crushed 
in rolls and then roasted dead in reverberatory furnaces. 

At the Recke Works, near Rosdzin, in Upper Silesia, there are at 
present (1895) pyrites burners in use, the shaft being 3 feet 3 indies 
wide and deep, with a total height of 8 feet 2 inches. The blende is 

^ Yol. I., )i. 40. a JKwl, MetailhuttenhmcU , p. 439. 
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broken to nut size, and contains 24 to 33 per cent, of sulphur. The 
height of the layer above the grate amounts to 2 feet. In 24 hours, 
7 cwts. of blende are roasted in each shaft down to 7 per cent, of 
sulphur ; the escaping gases contain 7 per cent, by volume of sulphiu 
dioxide. There are 23 to 30 such shafts combined to form one 
block ; each such block requires two attendants with two assistants 
per day. The calcined ore is ground between rolls and then roasted 
dea<l in long-bodded calciriers. The output of a set of rolls is 100 
tons in 1 2 hours. ^ 

Calcination of CrmM Blende in Shaft Furnaces 

As far as the author knows, Oerstenhofer furnaces nro the onl\ 
ones of this class that have come into use up to the present for 
cnlcining pulverulent blende Those furnaces, which are specially 
adapted for jiyritic blende, have been destribed and illustrated in 
Vol. I., p. 52. If the result is to be satisfactory, the blende must be 
crushed very small, entailing, however, tlio objection of the formation 
t)f a considerable quantity of flut-dust. Even in the most favourable 
conditions, the sulphur can nevertheless not be brought down below' 
5 or G per cent., so that even here a subseijuent calcination in reverbera- 
toiy furnaces is necessary; the Oerstenhofer furnace can also be used 
for this after-calcination by converting the lower part of it into a 
kind of reverberatory furnace bv means of a lateral fireplace. In 
this case the escaping gases cannot be utilised in the manufacture of 
sulphuric acid, so that the employment of a long-bedded furnace for 
the dead roasting of the blende is preferable; the arrangement of a 
Oerstenhofer furnace combined with an auxiliary fireplace is shown 
in Fig. 11. T’ is the lowei part of the shaft wdth the carriers t for tlu* 
ore ; F is the firegrate from which the products of combustion pass 
through the flue c into the shaft. .ET is a portion of the dust chamber ; 
s is a screw for the conveyance of the calcined ore into the wagon w ; 
k is a flue which conveys the sulpimr dioxide escaping from the 
residues into the stack. In the Oerstenhofer furnace 1 to 2 tons of 
blende can be roasted in 24 hours. It has the objection that a very 
considerable amount of flue-dust is produced, and for this reason has 
only been deflnitely employed in a small number of works. It has 
been used for calcining blende at the Mulden works, near Freiburg, 
and at Swansea, in England. 

Calcination in Meverheratory Furnaces 

Reverberatory furnaces should as a rule be employed for the 
calcination of zinc blende when the gases produced are not to be 



4^ 


METALLURGY 


utilised.' lu highly cultivated countries the sulphur dioxide formed 
in these furnaces can only be allowed to escape into the air in a 
highly dilute condition, or else it has first to be rendered innocuous. 
Reverberatory furnaces admit of a rapid and complete calcination, 
and require less fuel and labour than muffle furnaces. The rabbling 
and stirring of the crushed ore requisite for a good calcination may 
be performed either by hand-work or mechanically. The working 
•chamber of the reverberatory furnace is either fixed or else movable. 
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In the latter case, the hearth alone may either bd rotated or else the 
whole working chamber may be movable. We therefore have to 
distinguish between — 

Fixed Reverberatory Furnaces. 

Reverberatory Furnaces with movable Hearths. 

Reverberatory Furnaces with movable W orking C hambers (rotating 
cylinders). 

Calcination in Fixed Reverberatory Furnaces 

Of the fixed reverberatory furnaces, only the ordinary reverber- 
atory has up to the present come into use. Qrate-fired shaft furnaces 
have not yet been used for the calcination of zinc blende. Whether 
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the Stetefcldt furnace, which has given such excellent results as 
regards fuel consumption, labour, and output, in the chloridising 
roasting of silver ores (Vol. I , page 685), might not be suitable also 
for the oxidising roasting of zinc blende has not yet been proved 
experimentally. Fixed reverberatory furnaces may be divided into 
those worked by hand and those worked by machinery. The latter 
kind should be employed in districts where labour is high, whereas 
where labour is cheap the former class should have the preference both 
over the latter types, as also over reverberatory fufnaces with 
movable hearths or working chambers. 

Calcination in F%xnd liiverberatoncs worked by Hand 

It is only in rare cases that such furnaces are heated by the 
waste heat from zinc reduction furnaces. Such an employment of 
waste heat cannot be recommended, seeing how much caie is 
required in the calcination of zinc ohnde, and seeing that the 
temperature which the various stages of this roasting require has to 
bo carefully graduated. As a rule, therefore, the calcination of zinc 
blende should be carried on independently of the reduction furnaces. 


Independent Reverh ratoi^y Furnaces worked hy Hand 

These furnaces are best built as long-bedded furnaces working 
continuously {Fortschanfelungsofen), Such furnaces are best fitted 
with only one hearth, these presenting the advantages, as compared 
to those with several hearths one above the other, of smaller first 
cost, smaller need for repairs, and greater facility in working and 
charging; the latter kind should only be used where ground 
space is either very valuable or not obtainable. The heat 
economised by several hearths is not of any importance. It 
may also be saved with furnaces having but one hearth, if 
the products of combustion are carried off through arched flues 
disposed under the hearth, and if the furnace itself is coated with a 
nonconductor of heat. In spite of the above objections furnaces 
with two hearths have up to the pre&ent received the preference over 
those with one hearth. The length of the hearth depends upon the 
eulphur contents of the blende. As the sulphur acts as fuel, the 
hearth may be longer the greater the percentage of sulphur in the 
blende. Experience has shown that with single-hearth furnaces 
the hearth should not exceed 40 feet, and that with two hearths 
placed one above the other, the sum of the two hearths should 
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not be greater than 50 feet. A greater length than the above is 
not beneficial as regards the result of the calcination, increases the 
first cost, and requires more labour. The width of the hearth must 
be such that the ore cau readily bo rabbled and pushed on. If the 
furnace only possesses working doors in one of its long sides, 
which seems to be an advantage in the calcination of blende in 
order not to dissipate heat, its width must not greatly erceed 8 feet. 
If, on tlj6 contrary, it has working doom on both of its long 
sides, the width of the hearth may be increased up to 13 feet. 
Such furnaces are however, only employed exceptionally, because a 
uniform calcination is more difficult in them, and the consumption 
of fuel is increased. The number of working doors must be kept ns 
low as possible, as the furnace is cooled by them. In order to 
economise heat, it is therefore usual to have the working doors in 
one side only, in spite of the greater difficulties in working. Experience 
has shown that the distance between the centre lines of two adjacent 
working doors should not exceed 8 feet, for the sake of convenience in 
working. The projections between the working doors must also be 
kept as small as possible. The distance between the hearth and the 
arch of the roof should not greatly exceed 18 inches. To utilise the 
heat to the best advantage, it is usual to incline the arch of the roof 
downwards, or to allow the hearth to rise either uniformly or 
stepwise, towards the flue-bridge. As very high temperatures are n(jt 
required for calcination, an ordinary grate-fire is generally employed ; 
gas-firing is only made use of when inferior fuels, or fuel that will not 
give a long flame, are alone available. The construction of such a 
long-bedded c.ilciner for the calcination of zinc blende does not diflFor, 
except as regards dimensions, from the furnace described and illus- 
trated in Vol. L, p. C8. In a single-hearth calciner 40 feet in length, 
8 to 10 feet wide, with a grate C feet C inches long and 18 inches wide, 
3 tons of zinc blende cau be roasted in 24 hours with a consumption of 
] ton of coals, and with one man per shift.^ The ore is introduced in. 
charges of 15 ewts, through an opening in the roof of the flue, and is 
pushed forward at intervals of fi hours. Accordingly, there are four 
charges of ore in the furnace at once, and 15 cwts. are drawn every 6. 

. hours. The ore is rabbled in 15-minute intervals. 

Long-bcddcd calciners with several hearths usually possess two of 
the latter ; more than two are only used exceptionally. The construc- 
tion of such a double-hearth furnace is shown in Figs. 12 and 13.^ Four 
such furnaces are built together to form a block ; c is the grate, 
lying 2 feet 4 inches below the fire-bridge d, which is hollow and 
^ Thum, op. c»^.,p. 202. • Bety, uml Hiiiivn, Ztg.^ lS77,p. 100. 



ZINC 


45 


cooled by an air flue ; a is the lower hearth, the upper hearth, 
the length of each being 15 feet 3 inches, and their cleai width 
8 feet ; e is the flue through which the products of combustion escape 
into the condensing flues, and thence to the flue /, leading to the 
stack. To each block of four furnaces there is one stack ; i is the 
ashpit, h are the working doors, g is an opening closed during 
calcination, through which the calcined blende can be dropped into the 
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vault. In such a furnace 3 to 4 tons of blende aie roasted in 24 hours, 
with one man on each shift, and with a consumption of 30 per cent, 
of fuel. Double-bedded furnaces have been used at the zinc works 
in Upper Silesia, Westphalia and Belgium, and are still used where 
not replaced by muffle furnaces. In these from 2| to 6 tons of ore, 
according to the size of the furnace, are put through, with a consump- 
tion of from 25 to 40 per cent, of coal, according to the quality. For 
the smaller furnaces treating up to 3 tons, one workman per shift is 
enough ; for the larger furnaces two men are required. 
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AtOberhausen ^ the furnace hearths are each 21 feet 4 inches long 
and 6 feet 6 inches wide. The cross section of the grate is 6 feet 6 inches 
by 1 foot 4 inches. In 24 hours, 3 tons of ore are put through, with a 
consumption of 12 to 14 cwts. of small bituminous coal, containing 
11 per cent, of ash. The calcined ores contain 0*57 to 0*83 per cent, 
of sulphur. The loss of zinc daring calcination does not exceed 0*75 
per cent. At Ainmebergr in Sweden, similarly constructed furnaces 
are used, fired by gas. In 24 hours, 3 tons 2 cwts. of blende are cal- 
cined down to 1*20 to 1*25 per cent, of sulphur, with a consumption 
of 11 cwts. of small coal. Four furnaces are worked by a staff of 20 
men in two 12-hour shifts. At Miinsterbusch, near Stahlberg, a 
furnace with hearths 20 feet 7 inches in length and 9 feet 3 inches in 
width, having 5 working doors along one side, calcined 2^ tons of 
blende per 24 hours in 4 charges, with a consumption of 39 cubic 
feet of coal. Every 6 hours a charge of ore was drawn from the 
furnace, and a new cliarge put in. Tliree hours after each charging, 
all the ore contained in the furnace was thoroughly rabbled. At the 
Hohenlohe Works, near Kattowitz, in Upper Silesia, there are double- 
bedded furnaces, with 5 working doors along one of the longer sides. 
Three charges of 1 ton each are contained simultaneously in the 
furnace, two on the upper and one on the lower hearth. Each charge 
remains for 5 hours before it is moved forward, so that the ore 
remains altogether 15 hours in the furnace. Every 5 hours a charge 
is drawn from the furnace, and a new charge introduced upon 
the upper hearth. In 24 hours some 5 tons of blende are calcined 
down to 1 per cent, of sulphur in one such furnace, with a fuel con- 
sumption amounting to 25 per cent, of the weight of the raw ore. 
The escaping gases contain 1 per cent, by volume of sulphur dioxide. 
For the absorption of the latter they are made to pass upwards and 
downwards through towers containing milk of lime, and finally dis- 
charged into a stack 328 feet high. At the Silesian Works, near 
Lipine, double hearth calcincrs are at present (1895) in use. The 
length of the hearths amounts to 22 feet, the width to 6 feet 6 inches, 
There are 4 to 5 working doors to each hearth. The furnace contains 
3 charges of 13 cwts. each at one time. In 24 hours a furnace puts 
' through 5 tons 2 cwts. of blende, with a consumption of 24 cwts. of 
inferior coal. The labour employed in the 12-hour shift amounts to 
21 men, two of whom look after the calcining and the firing ; a 
labourer, working a quarter shift, looks to the charging of the blende 
and wheels in the coals. At the Becke works, near Bosdzin, double- 
hearth calciners are at present (1895) in use, the length of each 

Mahler, AnfuUea dea Mines, Vol. vii, book iii., p. 162, 1886. * IhicL 
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hearth being 20 feet. The width amounts to 6 feet 6 inches, with 
six working doors to each Inearth. In 24 hours, 3^ tons of blende 
are calcined, with a consumption of 1 ton of small coal. One man 
works the furnace on a 12-hour shift. At the Cilli^ works a part oi 
the blende, poor in sulphur, is calcined in double-hearth furnaces, 
each hearth being 25 feet long and 8 feet broad, with working doors 
along one of the longer sides. In 24 hours 3 charges of 15 cwts. 
each are roasted. 

The decrease in the sulphur and the formation of aint* sulphate 
during the calcination of blende in a double-bedded calciner at 
the works of the Vicille Montague, near Fldne, in Belgium, 
are shown in the following table, in which A designates uncalciuod 
ore, Z calcined ore, 2 to 8 the various samples taken one after 
another : — 
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A similar comparison of the results of calcining blende in a single- 
hearth reverberatory furnace at the works of the Austro-Belgian 
Company at Corphalie, in Belgium, is as follows : — 


Sivmplo. 

Zinc Sulphide 

Zinc Sulplmti 

Zluc Oxidu 

por cuut 

per cent 

per cent. 

A . 

64*r> 


0 
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Multiple-hearth furnaces are used at La Salle in the State of 
Illinois, United States of America.^ The separate hearths form 
shelves placed alternately one above the other, as in the Maletra 
furnace (Vol. I., page 58), over which the ore passes from top to bottom,. 

* B&rg. u, HiUL Ztg., No. 4, 1894. * Leob, Jahrh., vol. xxvii.,p. 316, 1879. 
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whilst the flames and products of combustion travel in the opposite 
direction. The furnace forms a cube of 15 feet side and is composed of 
5 separate divisions lying side by side, each 3 feet wide and 15 feet 
long. Each of these divisions has 8 hearths one above the other, as 
described. Each furnace of 5 compartments puts through 36 cwts. 
of blende in 24 hours. Recently the mufile furnaces, hereafter to be 
described, have been employed at La Salle. 

Reverberatory Fm^naces heated by the Waste Heat of Zinc Reduction 
Fwmaces and ivorlced hf Hand 

Such furnaces have been constructed by Thumin England, where 
they were heated by the waste heat of a Belgian zinc furnace. Such 
a furnace wuth a hearth 41 feet long and 10 feet broad, the height of 
the arch above the hearth being 2 feet, is in operation at Bngillt, 
and calcines 30 to 32 cwts. of blende in 24 hours. These furnaces 
are open to the seiious objection that the calcination is entirely 
dependent upon the working of the reduction furnaces, and are 
therefore not to be recommended. Waste heat from the reduction 
furnace can be employed more advantageously for other purposes. 

Calcination in Ficed Reverberatory Fn mates 'irorhcd by 
Machinery 

The furnaces belonging to this class are furnaces with movable 
rabbles for stirring the blende. On account of the high temperature 
'^ich the calcination of blende requires in its later stages, it is 
advisable only to employ these mechanically moved rabbles in the 
first portion of the calcination, that is to say, on the upper hearths, 
and to complete the dead-roasting by hand ; as the movable portions 
are continually in need of repair and occasion no inconsiderable 
expense, such furnaces can only be employed with advantage in 
districts where wages are high. In spite of their economy in labour, 
they have up to the present been employed in but few works. 
Experimentally, a furnace of this kind — that of Ross and Welter — 
was employed at Oberhauseu.^ This furnace consists of 3 hearths, 
one above the other, of which the lowest is straight like that 
of a long- bedded calciner, whilst the two upper hearths are 
circular; in the two upper hearths rabble-arms, attached to a 
vertical shaft, are rotated as in Farkes’s furnace (Vol. I., page 78). 
There is a charging apparatus which delivers the ore to the. top- 

^ Mahler, Bertj, und IlitUen, Ztg,^ p. 180, 1886. 
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most hearth, and by means of the revolving rabbles, which make 
one revolution per minute, it is stirred and gradually transferred 
to the lower hearth. It is here again stirred by the rabble revolving 
once per minute and gradual]}' pushed on to the bottom hearth, where 
it is rabbled and advanced by hand. The rabbles are secured to a 
sleeve, through which passes a vertical hollow cast-iron shaft. The 
latter is moved by gearing, and thus sets the sleeve in motion ; air is 
made to pass through the hollow shaft in order to cool ^t. In this 
furnace, which is worked by one man, 3 tons of blende are said to 
be put through in 24 hours, with a consumption of 15 cwts, of coal. 
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This furnace would appear to be identical with one patented by the 
Vicille Montagne Company,^ except that the latter has three round 
hearths. The construction of the patented furnace is shown in Fig. 14. 
A, A are the three round hearths situated one below the other, Y is 
the rectangular hearth, JT is the fire-grate. The products of com- 
bustion first pass over the hearth Y, and then over the round hearths 
one after the other, as shown in the figure by the arrows. From the 
topmost hearths they pass to the dust chamber C, and from the latter 
to the flue D. The ore is charged by means of a hopper a, and 
delivered by means of grooved rollers on to the topmost hearth of the 
furnace, whence it is gradually transferred by means of the rabbles to 
the lower hearths, and ultimately on to the rectangular hearth, where it 
is worked by hand, and finally drawn o£f in the calcined state. The 
shaft h of the rabbles is surrounded by a cast-iron cylinder, which is 
so attached to the shaft that it rotates with it ; air enters the hollow 
space between the shaft and the cylinder from the flue lV,in order to cool 
the shaft, and escapes at its upper portion situated outside the furnace. 

^ German Patent, No. 24,155. 
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A hollow shaft could also be employed (as in the furnace of Ross an<l 
Welter), the rabble arms being attached to a sleeve consisting of two 
halves ; this sleeve is secured to the shaft or to the cast-iron cylinder. 
On each bed there are two rabble-arms, e, secured to the shaft ; the 
one is provided with tines placed radially, whilst inclined blades are 
attached to the other, 'rhe teeth rabble the oife, whilst the inclined 
blades of the other arms push it according to their direction, 
either towards the middle or towards the circumference of the heal th, 
where it passes through suitably disposed openings on to the hearth 
below. 

At Oberhausen there are at present in use muffle furnaces with 
movable rabbles. 

Another form of reverberatory furnace worked by machinery 
(that of 0*Harra, Vol. I., page 72) which is distinguished by its 
gieat capacity and its small consumption of fuel, has hitherto only 
been employed for the calcining of copper ores and lead ores. It 
should, however, also be suitable for a preliminary roasting of zinc 
blende, just like the upper hearths of a multiple-bedded reverberatory. 
Tiie dead-roasting of the blende would in that case be completed in 
a separate furnace, worked by hand. Other furnaces which should 
be suitable for the calcination of zinc blonde under the above 
conditions are the Turret furnace of Pearce (Vol. I., page 75), 
notable for its large output, as also the very efficient horse-shoe 
furnace of Brown (Vol. I., page 70). The latter is especially 
recommended as requiring very few repairs. It is used for the 
calcination of blende at the works of the Collinsville Zinc Company 
of Collinsville, Illinois, U.S.A., and at the Glendale Zinc Works of 
South St. Louis, Missouri, where it has given good results. At the 
Collinsville works, one furnace with 4 grates produced 10 tons of 
roasted blende with 0*85 to 1 per cent, of sulphur in 24 hours from 
ore containing originally 30 per cent, of sulphur. The consumption 
of fuel, 6 tons of duif in 24 hours, must not be taken as a standard, 
on account of the inferior quality of the coal. 

Calcination in Reverberatory Furnaces with Movable Hea/rtlis 

Reverberatory furnaces with movable hearths have only been used 
exceptionally on account of their high consumption of fuel and their 
comparatively small output compared with that of fixed furnaces ; and 
on account of these objections, as also on account of the high 
temperature required for calcining blende, they are not likely to come 
into extensive use. Up to the present, they have only been employed 
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with advantage for the chloridising roasting of copper ores, for which 
process a very low temperature is required (see Gibbs and Oclstharpe 
furnace, Vol. I., page 230), as also for the calcination of tin orjb 
containing arsenical pyrites, which likewise does not require a high 
Temperature (Brunton furnace, see under Tin), and then only in 
districts where the cost of labour is high. 

Kuschel and Hintorhuber have designed a furnace wliich has been 
used at Johaiinisthal in Lower Carinthia.^ This furnace is provided 
witli a round hearth capable of revolving, and with rabble-teeth of 
firebrick, which pass through the roof of the furnace, and can be with- 
rlrawn from the rabble arm, but are fixed during the progress of the 
calcination. There are two rabble arm.s, each with 5 teeth. These 
teeth are so arranged that as the hearth revolves, those in one aim 
occupy the position of the furrows produced by those in the other 
ana. These teeth are hollow, and also sen'e for the introduction of 
the powdered ore into the furnace. Wlien the oven is to be charged, 
the upper portions of the teeth are open, these being closed during 
the progress of the operation by clay plugs. The latter are lifted, 
and by means of a funnel powdered ore is introduced into the hollow 
teeth. By the slow turning of the hearth the ore then becomes 
distributed over it. Wlmn the furnace is to be emptied, a grating 
formed of inclined iron plates, which is concealed in a radial slot in 
the furnace arch when not in use, is let down upon the hearth, as in 
the case of the Gibbs and Gelstharpc furnace, and by this means the 
calcined ore is pushed into four apertures at the edge of the hearth, 
and thCnce into a vault beneath the furnace. The diameter of the 
hearth is 13 feet, the height at the centre is 20 inches, and at the 
cinminforence 7 inches; the arch is 12 inches in thickness. The furnace 
is fired by means of 2 grates lying side by side, the products of 
combustion escaping through 13 flues opposite to the fireplace. In 
order to promote calcination, water vapour is injected in the last 
stages. In 24 hours 1 to 2 tons of blende are said to be roasted in 
this furnace, with a consumption of 1*2 tons of coals. The roasting 
is said not to be as complete as might be desired. On account of 
the above-named objections, this furnace has not come into general 
use. 


Calcin,fition in Reverhera^tory Fiornaces with Movable Working 
Ghamhers 

These furnaces are composed of rotating cylinders working inter- 
mittently or continuously, and have up to the present been used with 
^ Bery, tind HiUtm. Zfg,^ 1871, p. 321 ; 1872, p. 200. 

F, 9 
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great advantage for the oxidising roasting of copper ores and for the 
chloridising roasting of silver ores, in districts where wages are high. 
As far as is known to the author, they have not been used for calcin- 
ing zinc blende, though there is no doubt that zinc blende could be 
calcined in such furnaces. Considering the long time which the 
complete calcination of blende requires, and the high temperature 
requisite in the last stage, continuous-acting furnaces should be more 
satislactory than those that work intermittently. As it is doubtful 
whether calcination could be completed in one of these cylinders, it 
might, in case of necessity, be requisite to combine several of these 
furnaces, one after the other. Their use would only be indicated in 
districts where wages are very higli. 


The Neutralisation of the Acti>s of Sulphur Evolved by 
Calcination jn Reverberatory Furnaces 

When zinc blende is roasted in reverberatory furnaces, whether it 
has undergone a previous preliminary roasting or not, tlie neutralisa- 
tion of the products of calcination, containing sulphur dioxide, 
together witli a small quantity of sulphur trioxide, plays a very 
important part; it is only in countries which are as yet sparsely 
cultivated, and in districts in which vegetation has already been 
destroyed by the effect of these gases, that the latter may be evolved 
direct into the atmosphere in their concentrated form ; in all other 
places they must be neutralised. For example, in Prussia, the main 
seat of the production of zinc, such gases may only be allowed to 
escape into the air when their contents of sulphur dioxide are so 
small that no injurious action upon the vegetation is to be feared. 
The best and most profitable method of neutralisation of these gases, 
viz., the conversion of sulphur dioxide into sulphuric acid, cannot be 
applied to the gases evolved from reverberatory furnaces, because 
the sulphur dioxide escapes from it in a condition of such excessive 
dilution (less than 2 per cent, by volume), and because it is inter- 
mixed with the products of combustion of ordinary fuel, which have 
an injurious effect upon the nitrous gases in the manufacture of 
sulphuric acid. For this reason reverberatory furnaces are especially 
used for calcining blende in those cases in which the utilisation 
of sulphur dioxide for the manufacture of sulphuric acid is im- 
possible, owing to the absence of any market for the latter. The 
processes, by which the products of combustion containing sulphur 
dioxide can be neutralised, only exceptionally admit of the latter 
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being utilised at the same time. As a rule, these operations increase 
markedly the cost of calcination. All attempts up to the present 
not only to neutralise but at the same time to utilise the gases from 
reverberatory furnaces have remained fruitless, because they have 
been found to be too costly ; there is here, therefore, a wide field 
open to metallurgical discovery. Sulphur dioxide luis bec'ii rendered 
innocuous by diluting the gases containing it witliair, or by absorbing 
it by means of water, of sulphuric acid of 50° B., of milk of lime, of 
limestone and water, of oxide of zinc, of basic zinc carbonate, of 
magnesia, of ferric oxide, of ferric sulphate, of solution of sodium 
sulphide, of calcium sulphide, or of iion kept moist, and by conveying 
it into waste heaps of ahiin ores. 

The dilution of sulphur dioxide by means of air can be performed 
by allowing the products of calciiiation to escape from the furnaces 
into the upper regions of the atmosphere by njeans i»f high stacks. 
Tlje sulphur dioxide thus produced diffuses tlirough extensive 
layers of air, and is diluted hy these to such an extent that, on its 
descent, it no longer has an injurious effect upon vegetation. This 
dilution of sulphur dioxide can only, however, be attained when tin* 
quantities of blende to he roasted are limited and thendbre only 
inconsiderable amounts of gases are evolved, as otherwi8(3 the injurious 
effect of these gases becomes noticeable in time in a wide area 
surrounding the calcining works. If the contour of the country 
admits of it, such stacks should be situated on the tops of high hills 
and connected with the furnaces by means of inclined flues. The 
height of these stacks varies with their position between 330 and 500 
feet (at Hamborn 333 feet, at Freiberg 466 feet). As the draught 
of a stack cannot be increased by increasing its height above 
160 feet, all prime costs which are necessitated by the construction 
of a stack higher than this must be charged to the neutralisation of 
the sulphur dioxide. 

These first costs are very considerable, but only result in a small 
working charge, because the actual neutralisation of the sulphur 
dioxide then costs nothing. If, therefore, comparatively small 
quantities of these gases have to be liberated, the best method of 
rendering them innocuous is by means of such high stacks. 

The products of calcination can only be imperfectly neutralised 
by the help of water, because water either falling in the form of 
rain or trickling through a coke tower absorbs only comparatively 
little sulphur dioxide from diluted gases, and scarcely any from 
hot gases. The experiments which have been tried to remove 
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Rulj^hur dioxide from the gases given oflf from a reverberatory 
furnace by means of lead towers filled with coke, over which water 
trickles, were not only unfavourable as regards the absorption of the 
sulphur dioxide, but also required towers of large area, together with 
powerful fans, in order to maintain the draught, suitable dust chambers, 
and the previous cooling of the gases. The method of absorbing the 
sulphur dioxide by means of water has therefore not come into 
use. The absorption of sulphur dioxide from the products of 
combustion by means of sulphuric acid at 50° B, which was 
attempted with the blende calcining furnaces of the chemical factory 
at Rheuania, near Stolberg, has also been found imperfect, because the 
.sulphuric acid, whilst it readily absorbed the sulphur trioxide con- 
tained in small quantity in these gases, did not absorb the sulphur 
dioxide. The plant employed was a tower filled witli coke over which 
the sulphuric acid was allowed to tiickle. Apart from the imperfect 
absorption of the sulphur ilioxide, the same objections arose as in the 
case of absorption by water. This method, therefore, has found no 
further application. 

Sulphur dioxide and sulphur trioxide areieadily absorbed by milk 
of lime, calcium sulphite and sulphate being produced. The former 
IS gradually converted on contact with air into the latter salt. The 
product of the absorption is therefore a mixture of calcium sulphite 
and sulphate, which, as experiments at the H()licnloht‘ Works, near 
Kattowitz, in Upper Silesia, have shown, may be used either as a 
disinfectant, as a vermin djpstroyer, or as manure wlien mixed in 
certain proportions with animal manure, or in the ca.se of well- 
manured ground rich in humus, even without such admixture. The 
quantities of this salt for which a iiiaiket can be found are, however, 
so small compared with the great quantities in which it is ])roduced 
that it is not only worthless, but may even be looked upon as a waste 
product occupying much space and therefore troublesome. 

The absorption of the sulphur dioxide takes place in accordance 
with the following equation : — 

CaHoO., 4- H 28 O 3 = daSOa 4- 2 H 2 O. 

It takes place on contact and requires an excess of the absorbing 
solution in order to be complete. The absorption is therefore carried 
out by exposing the gases in towers to a rain of milk of lime, and 
again using the product thus obtained, which still contains a consider- 
able quantity of free calcium hydrate, as an absorbent. The 
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composition of the salt is as follows, according to Dr. Grosser of 


Kattowitz : — 



CaO 


.3775 

MgO 


. . . D45 

AIA 


. . . 4-14 

Fe,0, . . . 


. . 1-10 

so; . . 


. . . 38-40 

SO 3 . . . 


. . 2-85 

CO 2 . 


. . . ■'4-15 

Soluble SiOo | 


5-58 

and residue j 


H«0 . . . . 


. . 3*40 

‘)s-77 


According to this composition, the contents of calcium sulphite 
n mount to 72 per cent., and of calcium sulphate to 4‘84 per cent, 
rjpon the average the salt, ns produci*d at the Hohenlohe Works, 
contains about 34 per cent, of SOg and 5 per cent, of SO 3 , equivalent to 
(54 ])er cent, of calcium sulphite and 8*5 per cent, of calcium sulphate, 
together with (I to 10 per ceut. of water.* The absorption of sulphur 
dioxido by milk of lime is made use of in several of the large works 
in Upper Silesia, but is carried out on the largest scale at the above- 
mentioned Hohenlohe Works. At these works the products of com- 
bustion are drawn by means of stacks upwards and downwards through 
lowera down which milk of lime is trickling, and escajHi, containing 
only very small quantities of sulphur dioxide, into a stEU 3 k 328 feet 
high, by which the last remaining portions of sulphur dioxide are 
carried into such a high stratum of the atmosphere that they no longer 
exert any injurious action. The solution trickling down the towers is 
led into sumps in which the salt is deposited. It is lifted out from 
these mechanically and piled in heaps, whilst the clear solution is 
used again for dissolving fresh portions of gas. Although the process 
is expensive, yet it completely fulfils its purpose, and has up to the 
present not boen replaced by any other method. 

The sulphur dioxide of the gases escaping from reverberatory 
furnaces can also be neutralised by means of water and limestone or 
dolomite. For this purpose towers are filled with fragments of the 
above-mentioned substances and water is allowed to trickle through 
them. The sulphur dioxide in the gases passing up these towers 
form calcium or magnesium sulphite. The absorption in this method 

' Kosmann, ObertirhfeMm, eto.,p. 199. 
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is less energetic than it is by milk of lime, and requires towers of 
large area, considerable quantities of fluid, and a good draught. It 
has therefore, not yet come into use at zinc works. 

Zinc oxide, basic zinc sulphate and magnesia have only been 
used experimentally for neutralising the sulphur dioxide from blende 
calcining furnaces. These bodies form sulphites of ziuc or magnesia, 
which are readily decomposed on heating, with the evolution of 
concentrated sulphur dioxide. By their use, therefore, the diluted 
sulphur dioxide of the gases escaping from the furnaces can be con 
centrated, whilst the absorbent is regenerated. These sulphites by 
long exposure to the air and moisture can also be converted into 
sulphates. As, however, before sulphur dioxide could be absorbed 
the gases had previously to be cooled down, and as flue-dust had also 
to be removed from them; as moreover during their absorption a 
considerable quantity of sulphates was formed, together with sulphites, 
which former salts are only imperfectly decomposed when the mixture 
is heated for the production of concentrated sulphur dioxide, the 
neutralisation of furnace gases by means of the substances in question 
has not come into extended use. Experiments to convert the dilute 
sulphur dioxide of the furnace gases into concentrated sulphur 
dioxide by means of water have failed on account of the low 
absorbing power of water upon dilute sulphur dioxide. The object 
of the experiments was to absorb sulphur dioxide by means of water 
and then to evolve it in a concentrated form by beating the solution. 
This process, which will be explained more fully further on, is only 
available when the gases contain at least 4 per cent, by volume of 
sulphur dioxide. 

Moist ferric oxide absorbs sulphupr dioxide slowly with the forma- 
tion of ferrous and ferric sulphatei^ sulphate absorbs it with 

the formation of ferrous sulphate^ On |M3count of the slow rate of 
absorption and the low value the products, neither of these 
methods have come into use. All attempts to produce sulphur by 
the reduction of the furnace gases by the aid of carbon have given 
most unsatisfactory results. Still less satisfactory were the experi- 
ments to separate sulphur by the action of sulphuretted hydrogen 
* upon the dilute gases. A solution of sodium sulphide absorbs 
sulphur dioxide well, with the formation of sodium sulphate and 
sulphur, but has been found to be too expensive in practice. Solu- 
tions of polysulphides of calcium absorb the sulphur dioxide of 
furnace gases readily with the production of sulphur, but come too 
expensive. Clalcium monosulphide cannot be used as an absorbent 
on account of its low solubility in water. 
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Kosmann^ has proposed to convert calcium monosulphide by 
treating it with carbon dioxide and water into calcium sulph-hydrate, 
as is done by Chance in his process for treating the residues from 
the manufacture of soda by the Leblanc process, for the production of 
sulphuretted hydrogen or sulphur, and to use this calcium sulpb- 
hydrate as an absorbent for the sulphur dioxide of the furnace gases. 
The oxides of sulphur are absorbed by caJeiiim suJph-hydrate with 
the formation of calcium sulphite or sulphate, sulphur separating 
out as is shown by the following equation : — ^ 


CaH^Sg -f 2H,S03 = CaSO, + 3S + 3H,0. 

A precipitate of calcium sulphite and sulphate and of sulphur is 
thus obtained. 

By the action of carbon dioxide upon calcium sulphite, calcium 
sulph-hydrate and calcium carbonate are first formed. On further 
action the calcium sulph-hydrate is decomposed with the evolution of 
sulphuretted hydrogen, calcium carbonate being produced : — 

SCaS + H 2 CO 3 ^ ( :oCO, + + ( JaS. 

CaHgSa -h HjjCO , =. CaCOs + 2 

Kosmann interrupts the process when the greater proportion of 
the calcium sulphide has been converted into sulph-hydrate, and con- 
ducts the sulphuretted hydrogen produced into a further quantity of 
inonosulphide, which is also converted into sulph-hydrate by the 
sulphuretted hydrogen. According to Kosmann the equations are as 
follows 

3CaS -h H 2 CO 3 = CaCOa + CaHgS, -h OaS. 

CaHaSg H- OaS + HgCOg = Ca CO 3 + OaH^So + H^S . 

CaS-l-HgS^CaHgSg. 

Thus four molecules of calcium ' sulphide and two of carbon 
dioxide produce two molecules of calcium sulph-hydrate and two of 
carbonate, or two molecules of calcium sulphide yield one molecule 
of calcium sulph-hydrate. The solution of calcium sulph-hydrate is 
blown by means of an injector into the furnace gases, together with 
water vapour. The sulphur dioxide is then absorbed, as is shown 
by the following equations : — 

CaH3S2-|-H3S03=CaS03-h2H3S. 

2 H 2 S + HgSOg = 3S -h SHgO. 

Each molecule of sulph-hydrate therefore absorbs two molecules of 
^ Oluokauf, Berg, und Hiaten. Ztg,, in Essen, No. 35, May 2, 1894. 
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sulphur dioxide with the formation of one molecule of calcium 
sulphite or sulphate and the production of three atoms of sulphur. 
As two molecules of calcium sulphide are required for the formation 
of one molecule of sulph-hydrate if the process were conducted exactly 
in accordance with the theory, each molecule of calcium sulphide 
would neutralise one molecule of sulphur dioxide, and at tlie same 
time separate atoms of sulphur. Tiie sulphur is obtained mixed 
with calcium sulphite or sulphate. It is removed from this 
mixture by boiling with caustic lime, whereby calcium polysulphide 
is jiroduced, the latter being employed as an absorbent for the 
sulphur dioxide. The greater portion of the sulphur is thereby pre- 
cipitated with the simultaneous formation of calcium sulphite and 
sulphate. From the precipitate so obtained the sulphur may be 
recovered by distillation. The i)rocess, though theoretically sound, 
has not yet come into practical use. Although calcium sulpli-hydrate 
and calcium polysulphide absorb sulphur dioxide far better than does 
milk of lime, it must nevertheless be borne in mind that the pro- 
duction of the carbon dioxide required for the process by the burning 
of limestone or the combustion of coke entails no inconsiderable cost ; 
that the calcium carbonate produced when the suljih-hydrate is formed 
cannot be utilised, and thus constitutes a troublesome substance 
occupying a great deal of space; that the preparation of calcium 
sulphide by the reduction of calcium sulphate, whenever this cannot 
be obtained in the form of residues from the Leblanc process, also 
entails expense ; and that of the calcium contained in it, only half 
can be converted into sulphate or sulphite, whilst the other half is 
converted into carbonate. From the sulphate or sulphite calcium 
sulphide can be regenerated, but not from the carbonate. For the 
production of the requisite calcium sulphide it is therefore necessary 
to add calcium sulphate to the extent of one -half of that entering 
into the process. Finally, considerably more sulph-hydrate is required 
than theoretical calculation would indicate, because the furnace gases 
always contain oxygen and carbon dioxide, both of which act upon 
the sulph-hydrate, the former converting the sulph-hydrate partly into 
calcium hyposulphite and partly into calcium polysulphide in accord- 
ance with the equations : — 

C^aH^Sg + 40 = CaSjOj + 4H,0. 

Cail^Sg -h O = CaSg + HgO/ 

Whilst calcium polysulphide absorbs sulphur dioxide, the hypo- 
sulphite is not affected by it. All the sulph-hydrate which is con- 
verted into that salt is therefore lost to the process. The calcium 
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polysulphide produced is at the same time less effective as an 
absorbent than is the sulph-hydrate, seeing that two molecules of 
the former only absorb three molecules of sulphur dioxide, instead of 
lour molecules, as in the latter case. Carbon dioxide attacks the 
sulph-hydrtate with the formation of sulphur and calcium carbonate, so 
that this calcium takes no part in the absorption of sulphur dioxide. 

Metallic iron moistened with water, as proposed by Winkler, acts 
Avell in the case of gases rich in sulpliur dioxide, as, for example, those 
generated in the parting of gold by sulphuric acid, but it is less 
effective in the case of dilute gases, such as are thus evolved fiom 
the blende calcining furnaces. At Floiie, in Belgiam, the furnace 
gases have been passed into waste heaps of alum ores by which the 
latter were rendered soluble. The employment of this process is, 
liowevor, only possible under very exceptional local conditions. 
Further information respecting experiments upon the neutralisation 
of sulphur dioxide will be found in tlii* works of Reich, Freiberg 
1858; Winkler, Freihn'ger Jahrbtich^ 1880, p. 50; Schnabel, Ftruss. 
Zcitschr. f. Jkrg.-natt. u, Scdmcn-We^Lit, 1881, 29, p. 395; Hasen- 
clever, Fischer's Jahresherichte, 1881, p. 173, 1886, p. 267 ; Zeitsch. 
*K Ver. Dentsch, Ing, 1886; C. A. Herring, IHe VerdichHng des 
Huttcnrauchs, Stuttgart, 1888. 

Calcination in Gvmhined Fccerheratory and Mvffle FurTiacea 

These furnaces are only employed when a portion merely of the 
sulphur dioxide evolved on calcining blende is to be utilised in 
sulphuric acid manufacture, whilst the remainder is to be allowed to 
escape unused. In this case the sulphur dioxide developed in the 
muffle furnace is conveyed into lead chambers, whilst that escaping 
from the reverberatory furnace is either led direct into the air or pre- 
viously neutralised. The principle of these furnaces is, that the muffles 
in which the first stage of the calcination of the blende is conducted 
shall be heated by the gases of the reverberatory furnace, in which the 
blende is roasted dead. The muffles may either lie partly inclined or 
else horizontally. The Hascnclever-Helbig furnace, designed in the 
year 1874 by Hasenclever and Helbig, and used with great advantage 
in the Rhine districts, Westphalia and Silesia, is a furnace with 
partly inclined muffle. At present it has been replaced at most 
works by the muffle furnace to be described further on, which admits 
of the complete utilisation of the sulphurous gases evolved in 
calcination. There are, however, still a few of these furnaces in 
operation at Lipine, which are shortly to be pulled down. The 
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Alrnace consists, as sbown in Figs. 23 and 24, of a muffle constructed 
in two parts, situated over a reverberatory furnace ; the lower part of 
the muffle m is horizontal, whilst the upper part which adjoins it, lies 
at an angle of 43®. In the inclined portion walls of hard-burnt bricks 



Fio. 23. 
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are built some 20 inches apart, at right angles to the long axis of the 
muffle, and hang down so far that between their bottom edge and the 
floor of the muffle there is only a space of less than an inch. The 
object of these walls is to spread the ore, which is charged at the 
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upper end of the muffle, in a thin bed upon the floor of the latter. 
In order to enable the products pf combustion to pass unhindered by 
these partition avails, there are lateral openings in them, so that the 
gas escapes following a sinuous line alternately at one side or the other 
of the walls, as shown in Fig. 25. The pulverulent blende is charged 
from the hopper t at the upper end of the muffle, slides along the 
bottom of the latter, and at definite intervals of time — from 2 to 5 
minutes — is carried by the roll w which is driven by a small water wheel, 
into the lower horizontal portion of the muffle, where it is spread out 
and further roasted. At the far end of the horizontal portion of the 
muffle there is an opening through which the blende is dropped 
into the working chamber z of the reverberatory furnac(\ where it is 
roasted dead. Tlie products of combustion of the 
reverberatory furnace first licat the floor and then 
the arch of the horizontal portion of the muffle, 
and then rise up underneath the inclined portion 
of the latter into the flue /. Thesulphuious gases 
evolved in the horizontal portion of the muffle 
pass into the inclined portion, where they unite 
with the gases evolved there, and together escape 
from the upper end of the muffle into a flue which 
conducts them to the sulphuric acid chambers. 

At the end of the muffle the blende will have lost 
GO per cent, of its sulpliur, still coiitainiiig from 8 
to 10 per cent., whilst the gases that escape from 
the muffle carry at least 6 per cent, by volume of 
sulphur dioxide, and are very suitable for sulphuric 
acid manufacture. The blende is then calcined 
down to 1 per cent, of sulphur upon the hearth of the reverberatory 
furnace, w^hich forms a long-bedded calciner with working doors along 
one of its longer sides. The furnace may be fired either by a grate or 
by gas. In the figure it is shown as fired by gas, a Boetius pro- 
duepr, B, being employed. The air, which is heated in the walls of 
the latter, enters at y\ the fuel is charged at p. The temperature 
in the inclined portion of the muffle is as high as the melting point 
of antimony (432° C.). In this furnace 3 to 4 tons of zinc blende can 
be calcined down to 1 per cent, of sulphur in 24 hours, with a 
consumption of coal equal to 28 to 50 per cent, of the weight of the 
raw ore. At the Eecke Works such a furnace was formerly in use 
calcining ^ tons of blende down to 1 per cent, of sulphur in 24 
hours, with a consumption of 2 tons of coal.^ 

* Berg. \md HtUten. Ztg., 1877, p. 71. 



Ktn. 25 


02 


.METALLmOY 


At Oberhausen ^ the hirnnco had the following main dimensions: 
Cross section of the producer, 2 feet by 6 feet; floor of the 
horizontal portion of the muffle, 6 feet by 24> feet 7 inches ; of the 
inclined portion of the muffle, 6 feet by 32 feet 10 inches; of the 
reverberator\ hirimce, 6 feet by 18 feet 8 inches. Of the sulphur 
contents of tljc blende 50 per cent, was utilised by means of the 
muffle. At tlie commencement of calcination, it contained 26'44 
per cent, of sulphur; on leaving the inclined portion of the 
muffle, where there was a low red heat, 8*20 per cent. ; on leaving 
the horizontal portion of the muffle, where there was a bright red 
heat, 6*20 per cent. ; at the end of the calcination 0*55 to I SO per 
cent. In 24 hours, SiJ tons of ore were roasted, with a consumption 
of 21 cwts. of coals. Five workmen on a shift worked the calciner. 
The gases escaping from the muffles into the sulphuric acid chambers 
carried from 5 to (I per cent, by volume of sulphur dioxide. This 
furnace has, as compared with reverberatory furnaces, the draw- 
back of heavier first cost and requires a heavier outlay for wages, 
but has, on the other hand, the advantage of utilising half of 
the sulphur dioxide evolved during calcination. But even allowing 
for the latter advantage, the costs of calcination in this furnace are 
heavier than the costs of calcination in long-bedded calciners. 
As compared with the muffle furnaces on the other hand, it 
has the objection that only a portion x)f sulphur dioxide evolved 
can be utilised. It has therefore been replaced by muffle 
furnaces. 

A combined reverberatory and muffle furnace witli horizontal 
muffles which gives very good results, is used at the Recke Works in 
Upper Silesia. It consists of a reverberatory furnace, over which there 
arc two horizontal muffles connected together. The flame passes first 
over the hearth of the reverberatory furnace, surrounds first the 
lower .and then the upper muffle. The products of combustion, 
together with the sulphur dioxide evolved from the reverberatory 
furnace, pass into towers in which they are freed from any sulphur 
dioxide and trioxide that they contain, and then into the stack. The 
sulphurous gases evolved in the lower muffle pass into the upper 
muffle, and thence together with the gases evolved in the latter, into 
the sulphuric acid factory. The blende is charged at the end of the 
upper muffle, passes, after it has traversed this, into the lower 
muffle, and finally into the reverberatory furnace. In this furnace 
6 tons of blende are calcined down to less than 1 per cent, of 
sulphur in 24 hours, with a consumption of coal equal to 30 per 

^ Mahler, Annate// rleti Mines, vol. vii., hook iii., p. 152, 188.5. 
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cent, of the weight of the raw ore. This furnace, which is a 
modification of the Hasenclever furnace, gives better results than 
the original. 

CaldnaiimL in Muffle Fiirnaces 

The necessity of neutralising the sulphurous gases evolved in 
calcining blende, and the difficulty of doing this when blende is 
calcined in reverberatory furnaces, have promoted the introduction 
within the last 20 years of muffle furnaces, in which the production 
of gases rich in sulphur dioxide, that is, containing 5 to 8 per cent, 
by volume and therefore suitable for sulphuric acid manufacture, can 
be combined with a complete calcination of blende. These furnaces 
depend upon the principles that the calcination must be conducted by 
means of heating the muffles externally by burning iuel, as also 
internally by the help of thfi heat developed by the oxidation of 
the sulphide of zinc ; that the muffles should be arranged one below 
the other, and so combined that the blende which is to be roasted 
passes from above downwards, whilst the gases generated inside them, 
as well as those heating them from outside, move in the opposite 
direction. The first furnace designed on these principles, which 
admitted of the utilisation of the whole of the sulphur dioxide 
evolved in the calcination of blende for sulphuric acid manufacture, 
was designed by M. Liebig, He was followed by Grille, Hasenclever, 
and a number of other inventors with furnaces depending upon the 
same principles, but of widely different design. These modern 
muffle furnaces have given such far better results than the older 
forms previously used, that they have replaced reverberatory 
furnaces as well as the combined reverberatory and muffle furnaces, 
wherever it is at all possible to find a market for sulphuric acid or to 
utilise sulphur dioxide in any other way. The furnaces that are at 
present in actual operation are built with fixed muffles. The ores 
are rabbled by means of hand power or mechamcally. Muffles in the 
furm of rotating cylinders have been proposed and patented, but 
have* not yet come into regular use. 

We must therefore distinguish : — 

Calcination in Fixed Muffle Furnaces witli hand rabbling. 

Calcination in Fixed Muffle Furnaces with machine rabbling. 

Calcination in Rotating Muffle Furnaces. 

CoddThation in Fixed Mvffle Furnaces with Hand Bahbli/ng 

The most important furnaces of this class are those of Liebig and 
Eichhom, and that of Hasenclever. A third furnace of the same 
type is that of Grillo. 
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The Liebig and Eichhorn fuinace depends upon the principle 
of conveying the blende through a number of chambers lying 
one below the other, and of allowing the air required for oxidation 
to enter the chamber in a heated condition. The three upper 
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chambers are heated by heat evolved by the oxidation of the 
sulphide of zinc similarly to tho shelves of the Maletra furnace, 
whilst the lower chambers are heated externally by gas firing. The 
construction of the furnace, as patented,^ is shown in Figs. 26 and 
» 1) R Patent, No 21,032 
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27. It consists of a shaft provided with muffles a^ a*, a\ 

V' , It”, which are accessible by the working doors c disposed alter- 
nately along the two shorter sides. The heating of the chambers 
a\ a^, a* and is performed by means of the producer gas generated 
in the producer 0, this being burnt in a stream of air heated by 
traversing flues in the walls of the producer. The flame traverses 
first the flues n,n, rises, passes through the flues n\n\ traverses these 
flues, again ascends, and finally traverses the flues n*', from which 
it escapes into the flue o leading to the stack. The air required for 
the oxidation of the sulphide of zinc enters by the opening d, passes 
into the flue c, and from the latter into the muffle being warmed 
on its passage through the walls of the flues n, n, and then traverses 
each separate muffle one after the others oxidising the sulphide of 
zinc inside them. The zinc blende is delivered by means of a 
charging hopper / into the topmost muffle V', and is transferred 
from the latter after some time into the muffle Ijing immediately 
beneath it. From this it is removed at definite intervals into the next 
lower lying muffle, and so it advances until it is drawn out from the 
bottommost muffle into the chamber ^ in a calcined condition. In 
the three topmost muffles the temperature is maintained entirely by 
the heat generated by the oxidation of the sulphide of zinc ; in the 
lower chambers but little heat is derived from the blende, and they 
are therefore heated by means of producer gas from the outside. As 
this method of firing heats the lowest muffle to the highest tempera- 
ture, the ore in its descent is exposed to gradually increasing 
temperatures, and finally reaches the end of the lowest muffle con- 
taining only 0*1 per cent, of sulphur. The sulphur gases traverse 
each muffle from below upwards and finally escape from the topmost 
muffle containing 6 to 8 per cent, by volume of sulphur dioxide. 
The ore remains in the muffle from 6 to 8 hours, and requires 48 
hours to traverse the furnace. In experiments made to determine 
the degree of desulphurisation of the ore in the various muffles, it 
was found that it contained 27-8 per cent, of sulphur on charging 
into the topmost muffle ; after being there 6 hours, 24*9 per cent. ; 
in the four following muffles, 17’3, 13*2, 2’3 and 0’2 respectively, 
and when drawn from the bottom muffle only 0*1 per cent. Accord- 
ing to Eichhorn ^ such furnaces yield in 24 hours from 4*2 to 4*5 
tons of blende calcined down to 0*1 per cent, of sulphur, with n 
consumption of 0*8 ton of coal, 2 men being required on a 12-hour 
shift. Such furnaces are in use at Letmathe and at Hambom, near 
Oberhausen. In Hamborn a block consists of 4 furnaces, and yields 
' Fischer’s Jiihresber,, 1889, p* 322. 
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in 24 hours 5 tons of calcined ore, with a consamptioii SO to 25 
per cent of coal, 2 men on a 12-hoar shift working the fomaoe. 
The most recent furnaces of this type are those with S or 4 long, 
bedded muffles of which the lowermost is heated from below. In 
some furnaces there is also a flue between the bottommost muffle 
and the next higher one, so that the lowest muffle is heated from 
above and below, the next fiom below only. 

Grillo's furnace is shown in Figs. 28 to 30. It consists of the 
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muffles to 3/®, and the flues to The ore is delivered by 
means of the hopper A, provided with a charging roller, into the 
topmost muffle which it is made to traverse, and at its end drops 
through the inclined slots iS',into the next lower muffle. After 'passing 
through this, it is dropped into the muffle below and so gradually 
reaches the bottommost muffle, at the end of which it is drawn out 
through a working door. The products of calcination escape through 
the slots S out of the lower into the next higher muffle, and after 
they have travelled through all the muffles from below upwards, 
escape into the chamber a;, fiom which they pass through the vertical 
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flue 0 into the dust chamber F, and thence through the flue JT 
into the sulphuric acid chambers. The furnace is fired by gas, but 
can also be fired by a grate. The gases generated in the producer P 
mix at T with air which has been warmed by traversing the furnace 
walls. The flame surrounding the muffles on three sides passes 
upwards through the flues to escaping from the topmost one 
into the stack ; w, w are the working doors. Each ir^ivid^a] muffle 
is 20 feet G inches long. By drawing out the slide y and closing the 
flue by means of the damper g, the muffle furnace can be con* 

\ crted into a reverberatory funiJice. This furnace has been found 
to be less efficient than t^iat of Liebig, and has therefore been 
replaced at the Hamborn Works, where it was in use, by the Liebig 
furnace. 

The Hasenclever furnace consists of several (three or four) muffles 
lying one above the other and united by means of vertical flues, 
.and heated by the flames from a firegrate. The blende to be 
roasted is admitted by means of a charging hopper into the topmost 
muffle, and is pushed forward from time to time, as is done in long* 
bedded calciners ; through a vertical flue at the end of this muffle it 
drops into the second muffle placed below the former, in which it is 
pushed forward in the same way, drops thence into the third muffle, 
and BO on. At the end of the bottommost muffle the calcined ore is 
<lrawii out from a working door. The flame follows the opposite 
direction to the calcined ore, passing upwards, and on its way heats 
the floors and arches of the various muffles. The products of calcin- 
ation either pass from below upwards through all the muffles, or else 
escape from the rear of each muffle by vertical flues, from which the 
gas escapes to a main flue leading to the sulphuric acid works. 
With ores rich in sulphur, two or three muffles have also frequently 
been placed one above the other, and the flame has been allowed to 
heat the floor of the lower and the roof of the upper muffle ; in order 
to economise heat, these furnaces are always built in pairs back to 
back. The construction of the Hasenclever furnace is shown in 
Figs. 31 to 34, which represent a pair of such furnaces. B, B are the 
grates, JIf, M are the individual muffles, F, F are the flues by which 
the flame passes from below upwards, and from the topmost of which 
it then escapes from the flue K into the stack. T are the charging 
hoppers from which the blende to be roasted is conveyed to the 
topmost muffle and then traverses one muffle after the other ; w, vj 
are working doors through which the blende is rabbled and pushed 
forward. In this particular case the products of calcination are 
drawn off separately from each muffle. They escape through openings 
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a it) the rear wall of the furnace into vertical flues h, and thence 
through the main flue Sto the sulphuric acid works. As above 
noted, this method of collecting the products of calcination has been 
discontinued, and they are now made to traverse the whole of the 
muffles, and escape from the uppermost one to the main flue. Such 
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a furnace calcines in 24 hours about 4 tons of blende down to 0*6 to 
1-06 per cent, of sulphur, consuming a quantity of good coal equal to 
20 to 25 per cent, of the weight of the raw ore. Two men on a 
shift are sufficient to work the furnace. Recently this furnace has 
been improved by cutting each muffle into two by means of vertical 
walls across the centre, and so uniting the halves lying below each 
other by vertical flues that the blende has only to traverse these 
halves of the muffles that lie one above the other, in a downward 
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direction, the calcination being in nowise injured thereby, although 
the blende only has to travel half as far as it had to in the older form. 
At the same time, with ores rich in sulphur, the two lowermost 
muffles alone are heated externally, the upper ones receiving only 
the heat generated by the oxidation of the sulphides. By these 
means the output of the furnace has been increased by 30 per cent., 
and the labour required has been diminished by 25 to 30 per cent. 
The flame takes the same course as previously. {'urnace<> of this 
construction are at work, for example, at the Guido Works, near 
Ohropaezow, at the Silesia Works near Ispine, at the Recke Works 
near Rosdzin, at the Munsterbuscli Works, and at the Rhenania 
Works, both near Stolberg 



The most recent furnaces have muffles 4*0 feet 0 inches long and 
5 feet broad. Each mufSe is divided by a partition into two divi- 
sions, each of which is 20 feet 4 inches long. The arch of the muffle 
is 9 inches high at the centre, and 5 inches at the sides. Each 
muffle has ten working doors, that is to say five for each half, which 
can be closed by cast-iron slides. The air employed for oxidation is 
heated in flues which lie beneath the lowest draught-flue. The con- 
struction of the furnace at the Guido Works ^ is shown in Figs. 35 
and 36, in which / is a step-grate, the flame from which heats the two 
muffle divisions e, and the floor of the muffle divisions cl, traversing 
the flues and h into the flue i leading to the stack. The ores are 
dried upon the roof of the furnace, and are then charged through tVie 
openings (i, a into the topmost muffle divisions 6, b. Thence they pass 
into the divisions corresponding to each half of the furnace, c, d and c , 
and after the calcination is complete are drawn out from the divi- 
sions e. The gases produced in calcination traverse the various muffles, 
and escape through the openings k from the topmost muffle into a 
* Bery, uwl lluttan Ztg,, 1891, p. 450. 
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main flue. There are two men on the shift, or four in 24 hours, 
during which time 5 tons of zinc blende ai-e roasted with a consump- 
tion of coal equal to 20 per cent, of the weight of the raw ore. 

At the Silesia Works, near Lipine, in the year 1895, a furnace of 
similar construction was calcining 5 tons of blende down to 1 per 
cent, of sulphur in 24 hours, with a consumption equal to 25 per 
cent, of inferior coal. The number of workmen in 24 hours was four, 
for calcining and firing, and ^ for charging the blende and delivering 
coal. The gases evolved during calcination container! 5 per cent, by 
volume of sulphur dioxide. 

At the Recke Works, near Rosdzin in Upper Silesia, in 1895, a 
furnace with 3 muffles, of which the lowest is heated by the flames 
from below, and the uppermost from above, calcines 3*5 tons of zinc 
blende in 24 hours down to 1*5 per cent, of sulphur, 1*2 tons of coal 
being used. There are 2 men on a 12-hour shift. The gases evolved 
contain 6 per cent, by volume of sulphur dioxide. 

At the Stolberg Works ores containing 27 to 28 per cent, of 
sulphur are roasted down to 0*5 to 1 per cent, when they are free 
from lime or magnesia; otherwise they retain 2 to 3 per cent of 
sulphur. In 24 hours 8 tons of ore are calcined in a block consisting 
of a pair of furnaces, with a consumption of coal equal to 20 per cent of 
the calcined ore. A crew of 4 men works the furnace block on each 
shift. The desulphurisation of blende and the formation of sulphate 
of zinc during calcination in the Hasenclever furnace of most recent 
construction is shown in the following table of analyses, which were 
executed at the Rhenania Works. A is unCalcined ore, Z is calcined 
ore, 2 to 14 are the various samples taken during the process of 
calcination : — 


Sninple 

Ziiu bulithido 

Zme Hiilpliate 

Zme Oxido 

per cent 

jKjr cent. 

iK'i cent 

A . . . 

57 *2 

0 

0 

2 . 

53*5 

3*5 

0*8 

3 ... 

53 0 

3*8 

3*4 

4 ... . 

48-4 

4*2 

4*6 

a . . 

30 •» 

4-3 

12*3 

a . 

3r>-2 

.1*0 

10*5 

7 . . . 

34-8 

6*9 

17*0 

8 . . 

25 ’2 

0'3 

27*1 

« . . 

24*2 

5*2 

30*0 

10 ... 

19-2 

5*8 

32*0 

11 .... 

10-0 

7-8 

40-0 

12 ... 

7*9 

0*2 

44*9 

13 .... 

1-5 

4*7 1 

62-5 

14 .... 

1« 

2*6 1 

.53*0 

Z .... 

1-2 

0 

r>5*o 
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The Hasenclever furnace has fairly established itself in the Rhine 
provinces and Silesia, and has there replaced the older Hasenclever- 
Helbig furnaces completely, and reverberatory furnaces in great part. 


Gcdchiatwn, in Fixed Muffle FurruiceB wvtli Machine JRahblvng 

Such furnaces are employed with advantage in districts where the 
rate of wages is veiy high. They consist of muffle furaaccs with 
some mechanical rabbling appliance which receives either a rotating 
or a reciprocating motion. 

The Haas^ furnace is a furnace with rotating rabbles. It is 
distinguished from the McDougall furnace described in Volume I.« 
p. 66, by the chief difference that the separate circular muffles are 
not separated from each other by solid arches, but by hollow flues, 
through which the products of combustion can circulate. By 
means of the revolving rabbles the ore is successively drawn 
through four chambers, lying one beneath the other, and then 
leaches, if necessaiy, the floor of a rectangular muffle, which is the 
first to be heated by the flames, and in which the last portions of 
sulphur are removed from the blenda,^ The construction of this 
furnace ^ is shown in Figs. 87 to 89, in which a, a are the four muffles, 
through the midst of which the shaft x, provided with rabble arms, 
passes. Each pair of muffles lying one above the other is connected 
by means of the flues h for the products of combustion, and the 
vertical shafts n for the passage of the ore ; c are flues communicating 
with the stack, and which consist of chambers between the individual 
muffles and of vertical flues which connect these chambers. The 
gases are generated in a producer, and pass through the flue d into 
the heating flues ; they pass in the direction indicated by the arrows, 
and after they have heated the topmost muffle, escape through a 
descending vertical flue into the horizontal flue c, which leads them 
into a regenerator for heating the air used for oxidation. The latter 
enters the bottom muffle at /, and traverses, together with the gases 
evolved, the whole of the muffles. These gases escape from the 
topmost muffle through the flue p to the works where they are to be 
utilised. The blende is charged into the topmost muffle through the 
shaft m, rabbled by the tines of the rabble arms, and gradually moved 
forwards towards the lower muffles. The shaft x can be turned to 
the left as well as to the right, and has two cast-iron arms in each 

1 D. R. Patent, No. 23,081. 

* Berg, und Hiitten. Zty., 1884, Plate I., Figurea 12-34. 
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imdlilk , bkliTidual tines h, fastened to one arm, are movable, 
trliflnNia tboe^ earned by the other arm are fixed and are set oUiqoely. 

meaiiB of the lever k, the tinea, h, can be so placed that the pal- 
verulent blende may be pushed either towards the centre or towards 
the circumference. When the ore from the upper muffle is to be 
transferred to the one next below it, the tines h are so placed that they 
push the ore towards the circumference. It then drops through the 
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slot n, which can be closed by a slide when desired, into the muffle 
below, and thence subsequently in the same way into the next lower 
muffle, and finally into the last muffle. From the last muffle it is 
discharged similarly through the slot o. Tlie discharged ore eithei 
drops into a vault oi into a long rectangular muffle not shown in the 
figure, in which it is roasted dead. The products of calcination escape 
from this rectangular muffle into the bottom round muffle, and pass 
in the same direction as the gases developed in the lattei. The flame 
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first heats the rectangular muffle by means of various flues, and than 
losses into the flue e for the round mufflea The gases produced 
this fuma^ contain from C to 7 per cent by volume of sulphur 
dioxide. Such furnaces are in operation at Oberhausen for the calci- 
nation of blende containing on the average 25 per cent, of siinc.^ The 
size of the grains should not be less than 0*08 inch. The hearths sre 
« feet 2 inches in diameter, and the thickness of each floor amounts 
to 4 inches, i rotn the bottom circular mufflr^ the ore passes on to two 
hearths, lying one above the othoi, each 10 feet 8 inches in length, 
with 4 working doors in each, upon whicli it is roasted dead by means 
of hand labour. The gases from the muffles are employed for the 
manufacture of sulpliunc acid. One worktnaii is required lor each 
furnace, the output of which is equal ti' 3*4 tons of blende per 24 hours. 
Tlie consumption of coal for cal- 
cination amounts to 17 per cenr 
of the weight of the calcined om, 
and for the production of power to 
5 per cent. The calcined ore con- 
tains on the average 1 per cent, of 
sulphur. 

At the works of Hegeler and 
Matthiesen, at La Salle, in Illi- 
nois, U.S.A., multiple muffle 
calcining furnaces with mechani- 
cal rabbles are in use. Such a 
fuinace has 7 muffles one above ' fio.4u. 

the other, each of which is 40 feet 

long and 4 feet 6 inches broad. The three lowermost muffles are 
heated by means of producer gas, the flame passing first below and 
then above them. Two furnaces are united to form one block. There 
is one rabble common to the two muffles which lie side by side. It 
is moved at intervals of an hour by means of a rod moved by friction 
wheels backwards and forwards through the blende spread out in the 
muffles. Such a double furnace calcines in 24 hours 23 tons of zinc 
blende, with a consumption of 4*8 tons of refuse coals. ^ In Fig. 40, a 
are the muffles, and b the flues ; c are flues through which air is 
conveyed to the muffles, and d the flues for introducing air into the 
fire-box. 

The Rhenania Chemical Works at Stolberg has patented a Hasen- 
clever furnace with mechanical rabbles.^ This furnace consists of 

^ Jtev. Unimm dew Minea, 1S94, p. *’ Tha Mining Indu^ry, 1804, p. 215. 

» D. R. Patent, No. 61,043. 
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lying one immediately above the otlier, through which an 
endless chain provided with rabbles and scrapers at fixed distances 
apart, is kept moving. The rabbles stir the ore, whilst the scrapers 
move it forwards. The ore is charged into the topmost muffle, and 
then gradually transferred to the lower ones, until it is discharged 
from the bottom muffle in the calcined state. In order not to expose 
the endless chain to the flames there are no flues between the separate 
muffles. The flames, therefore, are carried round the muffles in one 
single flue. The description of the furnace as given in the Patent, 
1892, page 321, resembles that of the O'Harra furnace, as described in 
Vol. I., page 72. Nothing is yet known respecting the practical use of 
this furnace. 

CalcincUion in Furnaces ivitli Movabk IVorl ing Chambers 

Such furnaces are formed by rotating cylinders in which the 
flame is kept separate from the ore. Such a furnace has been 
proposed by Koehler in Lipine.^ It consists of a rotating cylinder of 
cast- or wrought-iron, lined with firebrick, and fired with gas. In that 
portion of the lining which is nearest the interior of the furnace there 
are flues parallel to the axis of the cylinder travel sed by the burning 
gases. In that portion of the lining nearest the outside of the 
furnace there are air flues running parallel to the heating flues. In 
the former, the air required for oxidation, which moves in the 
opposite direction to the products o combustion, is first heated 
and enters at one end of the cylinder through a tube lying in 
the axis of the furnace. The products of calcination escape at 
the opposite end of the furnace by means of another tube also 
lying axially. The zinc blende is automatically charged into the 
furnace by means of an apparatus attached to a hopper, and is auto- 
matically discharge<l at the opposite hottest end. The furnace is 
thus continuous acting. In the interior of the furnace there are 
walls provided with apertures which sepai-ate the furnace to some 
extent into different chambers, the object of which is to prevent the 
products of calcination, concentrated in the last chambers, from 
striking back. This furnace has been tried on an experimental scale 
at Lipine, and is said to have given very satisfactory results. Up to 
the present, however, it has not been definitely introduced, on the 
ground of the not inconsiderable first cost thereof. A rotating cylinder 
with the flues in the centre of the furnace — ^the Douglas furnace — 
has also been proposed for the calcination of sulphides. It is described 
and figured in Vol. I., page 85, 

1 I). R. Patent, 57,522, May 7, 1890. 
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Utilisation of the Phoducts of Calcination 

The products of muffle calcination have up to the present, with 
but few exceptions, been used exclusively for the production of English 
sulphuric acid, the method of manufacture of which may be taken as 
known. They may also, however, be used for the preparation of 
sulphuric anhydride, of fluid sulphur dioxide, of sodic sulphate, of 
sulphuretted hydrogen, of sodium hyposulphite, of sulphur, and for the 
solution of copper. The preparation of these bodies, with the 
exception of the sulphur, can only be carried out with advantage 
under certain local conditions, on acuount of the small demand. 

Sulphuric anhydnde is manufactured at the Mulden Works near 
Freiberg, and at the Bhenania Chemical Works near Stolbcrg, from 
the products of calcination of pyritic lead and silver ores, or from 
pyrites which are burned in kilns and Hasenclever furnaces, or in 
pyrites burners. The products of calcination of zinc blende in muffle 
furnaces could be equally well employed for this purpose. On 
account of the limited market for sulphuric anhydride, which is 
employed for the production of Nordhausen sulphuric acid, which 
again is used in the ozokerite and aniline manufacture, no attempts 
have been made in this direction at any of the blende calcining 
establishments. In tlie manufacture of sulphuiic anhydride, the 
products of calcination are first led into lead chambers filled with 
fragments of coke, of burnt clay or of quartz, over which ron- 
centrated sulphuric acid trickles, and then pass through vessels 
heated externally, inside which platinised asbestos is contained. The 
object of the first portion of the process is the removal of water 
vapour, whilst by the means of the catalytic action of the platinum, 
sulphur dioxide and oxygen are united to form sulphur trioxide. As 
the gases produced in calcination are greatly diluted by means of 
nitrogen and air, only half of the sulphur dioxide at the outside is 
converted into sulphuric anhydride. From the last-named vessels 
the gases carrying sulphuric anhydride are led into towers in which 
concentrated sulphuric acid is trickling down, so as to absorb the 
anhydride, which is distilled off from the solution of anhydride in 
sulphuric acid thus produced. The gases escaping from the absorption 
towers still contain the sulphur dioxide which has not been converted 
into sulphuric anhydride, and these are then conducted into lead 
chambers for sulphuric acid manufacture. 

The fluid sulphur dioxide is manufactured from the products of 
calcination of zinc blende in muffles, at the zinc works of Hamborn 
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near Oberhausen, and the Silesia Works near Lipine. Having regard 
to the still restricted applications of fluid sulphur dioxide (for the 
manufacture of sulphite cellulose^ for the production of cold, for the 
manufacture of sugar, and for bleaching), and to the great expenses 
entailed by the plant for its manufacture, it is not to be expected 
that its production from the products of calcination will take any 
extension in the immediate future. At the Ouido Works, near Chro- 
paczow, in Upper Silesia, where the process has been in use for 
some considerable time, it has lately been stopped, sulphuric acid 
works being in process of erection there. The process employed was 
invented by Schroder and Hiinisch. As it separates gaseous sulphur 
dioxide from the gases evolved from the muffle furnaces in a condition 
of great concentration, in which it may also be employed for other 
purposes, it deserves somewhat fuller consideration. The process^ 
consists in absorbing sulphur dioxide out of the gases by means 
of water trickling through a coke tower, in expelling from tliis 
water the sulphur dioxide in a concentrated state mixed only with 
a small amount of water vapour by means of heat, in sepaiating 
the moisture from the mixed gases by means of concentrated sul- 
phuric acid or calcium chloride, and in condensing the concentrated 
gaseous sulphur dioxide thus obtained by means of a compressor. 
This process does not admit of the preparation of concentrated 
sulphur dioxide from the gases of reverberatory furnaces with advan- 
tage ; it can only be produced from gases which contain at least 
4 per cent, by volume of sulphur dioxide, such as are evolved from 
shaft furnaces and muffle furnaces. As regards the execution of the 
process, the absorption of the sulphur dioxide is performed in coke 
towers through which water trickles. The sulphur dioxide is expelled 
from the water in three forms of appai'atus, in which the heat of the 
products of calcination in part, and in part the latent heat of water 
vapour which is developed when the sulphur dioxide is expelled from 
the water containing the latter, in part the residual heat of the water 
freed from sulphur dioxide, are all utilised. The acid water is first 
conveyed into a system of low lead chambers in which it is warmed 
by means of the water from which the acid has been driven off, which 
surrounds these chambers. Thence it passes into closed leaden tanks 
under which pass the hot gases as they escape from the furnace 
before they pass into the absorption tower. The heat which they give 
oflP to the tanks raises the fluid contained in the latter to the boiling 
point. The sulphur dioxide escapes, in consequence, from the boiling 
solution and enters the dehydrating apparatus. The boiling fluid, 
J D. R. Patenta, Noa. 26,181, 27,581, ami 36,721. 
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not liowever quite fiee from acid, is draivn off from the leaden tanks 
into a so-called colonne^ in which^ the last portions of sulphur dioxide 
are removed from it by the direct action of steam, the steam being 
separated from the sulphur dioxide by means of a spray of cold water. 
The hot water, now free from acid, is used for heating the acid waiter 
as it first escapes from the absorption towers, by allowing it to escape 
from the colonne through a system of lead chambers which sunound 
the lead chambers containing the acid water. Water vapour is best 
separated from the sulphur dioxide which has been driven out of the 
water, by allowing the gaseous mixture to ascend through a tower 
filled with coke, down which concentrated acid is trickling, which 
absorbs all the water. Thu sulphur dioxide, thus completely de^ 
hydiated, is compressed into the fluid state b} means of a pump 
made of bronze, and is collected in iron vessels of sufficient strength. 
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The piessure that has to be employed varies according to the season 
from 2 to 3^ atmospheres. The intermixed, difficultly compressible 
gases are allowed to escape into the absorption tower by means of a 
valve placed in the receiver. The fluid sulphur dioxide is shipped in 
iron vessels. It contains 99 8 per cent, of pure SOg. The gases 
evolved from the calcination of zinc blende at Hambom and Li pine 
contain about 6 per cent, by volume of sulphur dioxide; in the 
absorption tower this is removed from the gases down to 0*05 per 
cent, by volume. The water which flows out fiom the towers con- 
tains 12 pounds of sulphur dioxide in 100 gallons. 

The construction of the plant for the production of fluid sulphur 
dioxide from the products of calcination is shown in Fig. 41.^ 

The gases pass from the calcination furnace through the flue a 
into the absorption tower h. On their road to the latter they give 

1 Zeitnehr, /. Angetoandte Chemie., 1888, p 448; Lunge, Soda Indiutrie, vol. i., 
T> 264. 
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off their heet to the leaden tanks e. They ascend in the lead tower 
filled with coke and are freed from their sulphur dioxide by means 
of water ooming from the distributor F. 'Phe gases that reach the 
top end of the tower, consisting of nitrogen, oxygen, and very minute 
quantities of sulphur dioxide, are conveyed by the descending tube e 
into the stack. The water containing sulphur dioxide in solution 
escapes from the pipe d at the foot of the tower first into a heating 
apparatus, which is omitted in Fig. 41, but is shown separately in 
Fig. 42. It consists of a series of flat leaden chambers each 
10 inches deep, disposed one above the other, these lead chambers 
forming two systems. In the one system the fluid solution which is 
to be warmed ascends, whilst in the other system the hot water 
descends, giving off its heat to the ascending fluid. For this purpose 
the chambers are so arranged that a chamber of the one system 
alternates regularly with one of the other. In the chambers marked 
with odd numbers, 1, 3, 5, 7, 9, 11 and 13, the acid solution is ascend- 
ing, whilst in the chambers with even numbers, 14, 12, 10, 8, 6, 4 and 
2, the hot water is flowing down. The adjacent chambers of each 
system are so united with each other that the combination takes up 
tlie whole side of the chamber. The individual chambers are stayed 
by means of strips of lead made fast inside them, these lying in the 
direction of the flow of the solution. The acid water escaping from 
the absorption tower enters at d into chamber No. 1, rises at 
d' into chamber No. 2, at d" into No. 3, and so on, till it escapes 
at S' from the last chamber 13 in a heated state, entering the 
leaden tanks e at d". The hot water passes in the opposite 
direction. It enters the topmost chamber 14, through the tube 
flows through it and passes from the end of it by a tube not 
shown in the figure into the chamber 12; from this into No. 10, 
and so on until it escapes at the end of chamber No. 2 through 
the tube jr after having given off the greater portion of its heat. The 
acid solution which has thus been wanned passes through the tube d" 
into the leaden tanks e, which it traverses one after the other. It is here 
heated to boiling point by means of the hot products of calcination pass- 
ing underneath the tanks, and in consequence gives off sulphur dioxide 
mixed with a certain amount of water vapour. This gaseous mixture 
flows through the tube / into the water cooled worm in which a 
portion of the water vapour is condensed; thence it flows back 
through the above-named pipe into the tanks or into the colmne, 
and thence through the tubes h into the drying tubes i, in which the 
last portion of the water vapour is retained by means of coke soaked 
in concentrated sulphuric acid. From the drying chamber the sulphur 
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dioxido p&ssGB through the tube h into the compressor. In order to 
regulate the pressure a sUk bag r is interposed in the tube 
According to the size of this bag the movement of the pump I i**^ 
regulated. The gas is forced through the tube s into the worm t in 
which it is liquefied. The liquid sulphur dioxide flows out of the 
worm into a wrought iron tank The gases, oxygen and nitrogv^ii, 
which are carried with the fluid, escape when the valve g at the top of 
the tank is opened, into the tube to, which leads them to the absorp- 
tion tower. The fluid sulphur dioxide is drawn off from the tank 
into wrought iron cylinders v holding 110 or 120 pounds, or else into 
tank wagons holding 10 tons. 

The boiling solution that remains behind in the tank c 
contains a small quantity of SO.,; to extract the latter it is 
run through the tube m into the colonne n, where it is raised to 
boiling by means of vapour entering from below through a tube o, 
whilst water is sprayed into the upper end. The sulphur dioxide 
and the steam rise in the tower, aie m part condensed by the 
water trickling down and expelled again when the latter reaches 
the bottom. Of the gas escaping from the upper end of the colontu, 
the steam is condensed by the water spray and flows down with the 
latter. A portion of the sulphur dioxide is here absorbed by means 
of this water. As the quantity of the latter only suffices for the 
absorption of a relatively small proportion of the sulphur dioxide, the 
greater portion of the gas escapes from the tube p into the worm g, 
and there unites with the gas evolved from the tanks e. The solution 
trickling down in the colonne gradually loses its sulphur dioxide as 
it is raised to the boiling point by the steam, and thus reaches the 
bottom of the colonne free from sulphur dioxide ; thence it escapes 
through the tube q into the above-described lead chambers and warms 
the acid water coming from the absorption towers. The col(mm^ 
which consists of a tower, the lower portion of which is filled with 
circular tiles and the upper portion with coke, has recently received 
certain improvements.^ It is shown in Fig. 43 (D. R. P.36,721). 
The hot steam enters at a ; a water spray is produced by the rose h ; 
through the tube d sulphur dioxide escapes ; through the tube e the 
solution escapes after it has been freed from acid and has been 
heated to the boiling point. By means of the circular tiles, the 
solution that is trickling down is delayed, and thus better exposed to 
the action of the ascending steam. The cylinders in which fluid 
sulphur dioxide is sent into the market are shown in Figs. 44 and 45. 
They have a screw valve c which is protected by the cap a when they 
' D. K. Patents, Nos. 36,721, 52,025. 
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are being transported. If sulphur dioxide is to be employed in the 
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gaseous form the bottle is placed 
vertically (Fig. 44) The spindle 
of the screw valve c is turned by 
means of a key and opens the 
pipe ; through the latter gaseous 
sulphurous acid then escapes and 
continues to escape until the tem- 
perature in consequence of the 
evaporation of the solution falls 
to — 1 0” C. A further quantity of 
gas can then only escape when 
the cylinder has taken up from 
its surroundings the requisite 
quantity of heat. If the sulphur 
dioxide is to be utilised in the 
fluid state the cylinder is laid 
down so that the small tube b is 
uppermost. By means of the pres- 
sure of the gas, fluid sulphur 
dioxide is then forced out through 
this tube. The whole contents 
of the bottle can be expelled by 
means of the bent tube n which 
reaches to the bottom. In order 
to avoid explosions the cylinders 
are tested to a pressure of 50 
atmospheres. The vapour ten- 
sion of sulphur dioxide amounts 
at lO"" C. to 1'6 atmospheres ; at 
20° to 2 4 ; at 30° to 3’51, and at 
40° to 515 atmospheres. These 
bottles are best preserved in some 
locality where the temperature 
does not exceed 40°. 

Sulphur dioxide evolved from 
muffle furnaces is also suitable for 
the preparation of sodium sul- 
phate from common salt, accord- 
ing to the process of Hargreaves, 
which has been practised in a 
number of English soda works, 
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and since the year 1890 at the Rhenania Works. It consists in 
leading the products of calcination mixed with air and water vapour 
into a cast-iron cylinder heated externally, inside which spherical 
pieces of salt are arranged upon an iron grating. Sodium sulphjatc 
is thus formed with the evolution of hydrochloric acid. 

These sulphurous gases are also available for the production of 
sulphuretted hydrogen by passing them, mixed with water vapour, 
through shaft furnaces filled with glowing coke, which is kept at a 

I rod heat by passing air from time to time over it. 

Sulphuretted hydrogen forms in accordance with the 
^ equation : — 

I SO 2 H- HjO + 30 = H,S -h 300 

I Sulphuretted hydrogen is, however, used but rarely, 
I and only in limited quantities, for the. precipitation of 
I metals such as copper and silver from their solutions, 
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so that there is no probability that this process will be introduced 
into blende calcining establishments. 

Sodium hyposulphite can be produced from these gases, by passing 
them through a solution of sodium sulphate, the salt being formed and 
sulphur produced simultaneously. Its employment for the extraction 
of silver is, however, a very limited one, so that the utilisation of the 
products of the calcination of blende for this purpose does not seem 
practicable. 

Although there is a large demand for sulphur, its production from 
the gases evolved from muffle furnaces is tolerably expensive, and 
has not, therefore, been conducted on a large scale. It can be pro- 
duced from these gases directly by passing them into solutions of 
the polysulphides of sodium or of calcium, and by allowing the gases 
to act upon sulphuretted hydrogen, or indirectly by first separating 
out the sulphur dioxide and reducing the latter by carbon or coal gas. 
Polysulphides of the alkaline earths will only be used for the manu- 
facture of sulphur when they can be obtained free of cost as the 
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ln^products of other proceeses, such as the 
bm Le Blanc soda works. By means of milphmttsd 
]|||4vogen, sulphur can be obtained from the products of oalciaation 
b]r allowing both gases to ascend through wooden towers in which a 
solution of calcium chloride is trickling down, sulphur being formed 
in accordance with the equation : — 

2H2SH-S0o=3S-h2H,0. 

The gases are introduced at tlic bottom of the towei, whilst the 
solution of calcium chloride which causes the sulphui to sepaiate out, 
enters at the top and trickles down the tower, flowing over wooden 
plates inclined alternately in opposite directions. The sulphur, which 
is thrown down upon these boards, escapes with the solution of calcium 
chloride from the towers into a series of vats placed one below the 
other, in which it is deposited, whilst the clear solution is pumped up 
to the top of the towers to be used over again. The sulphur is 
melted accoiding to Schaffiiei*s method undei watei by means of 
steam at 2] atmospheres piessure Su]]>huietted liydrogen can be 
produced (unless it is available as a bye pioduct of ci»riain processes) 
as described above, viz., by leading «i portion of the pioducts of 
calcination, together with water vapour, thiough a colunm of red-hot 
coke. It may also be produced accoiding to Chances nn^thod, by 
treating residues from the Le Blanc soda works by Cdibori dioxide. 
This process can only be recommemded when sulpl)ui(‘tted hydrogen 
IS available without any great expense. 

Sulphur can only be pioduced by the reduction of .sulphur 
dioxide by carbon when the gases are in a coucentiated form, 
such as are employed for the manufactiiie of the fluid sulphur 
dioxide according to tlie Schroder and Haniscli piocess. It cannot 
therefore be produced direct from the gases from muffle furnaces, 
but only after a previous concentration of the lattei by the aid of 
water In the earlier expeiiments for the pioduction of sulphur 
from the diluted gases a portion of the carbon was burnt to 
waste in consequence of the air contained in the gases ; moreover, 
in consc‘quence of the dilution of the sulphur dioxide by iiidiiierent 
gases, its reduction to sulphur was only very imperfect. The 
extraction of sulphur from the sulphur dioxide concentrated as 
above described has been patented by Schroder and Haniseb. The 
concentrated sulphur dioxide is first passed through a muffle filled 
with red-hot coke, and then through a second vertical muffle which 
contains red-hot indifferent bodies known as " intact bodies,’’ such as 
firebricks, burnt clay, &c. In the muffle filled with coke about half of 
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the sulphur dioacjiile whM 
the sulphur dioittde which siSl lemsius luid tm giuhA wriu^ in the 
first muffle^ viz*, carbon monoiEide, carbon bi*s^plil^^and oxy* 
sulphide, act upon each other, the products bsteg carbon dkudde and 
sulphur. The sulphur vapours and carbon ^oa:ide escape fiom the 
second muffle into a condensing chamber in > nich the greater portion 
of the sulphur is deposited in the fluid sta< , and a small portion as 
flowers of sulplnn. In some experiments tued at tlie Grillo Ziue 
Works 99 pei ooTit. by volnn»< of sulphur dioxidt was thus reduced to 
sulphur The ij;ases escaping 
from the coii(h nsiin chaniht i 

1 ontam 96 to 97 per a nt 
volume of eaibon dioxide, nul 

2 lo 9 pel cent of (.ub(Mi 
monoxide According to tie j|=r 
patents of Schiodei and 
Hanibch, the i eduction oi sui 
phui dioxide can also be pti- 
fonved by means of carbon 
monoxide, coal-gas, or any 
othei gas rich in carbon. As 
to the economic results ob- 
tained by the extraction of 
sulphur ill the above m.iunci 
no opinion can be given at 
the present time, as it has 
not been carried out on a 
large scale. The concen- 
trated sulphur dioxide pro- 
duced by means of water has 
hitheito been used exclusively for the production of fluid sulphui 
dioxide 

The utilisation of the gases from muffle furnaces for the dissolving 
of copper IS only possible under local conditions, and even then on a 
very small scale, as, foi example, the extraction of copper from poor 
oxidised or acid copper ores, or for dissolving copper from cement 
copper containing gold or silver. In the first-named case the gases 
produced in calcination, together with water vapour and nitrous 
gases, are allowed to act upon the ores lying upon a grating composed 
of stone or wood In the second case Rossler’s arrangement may be 
used. The latter is shown in Fig. 46, and consists of a vessel of 
wrought iron A, containing a solution of sulphate of copper. By 




84 


METALLURGY 


meana of a Korting injector B, the gasea are forced in fine jets through 
a ring into the solution. The sulphur dioxide is thereby converted 
into sulphuric acid, the sulphate of copper being at the same time 
reduced to cuprous sulphate. The sulphuric acid thus formed dis- 
solves the cemeut copper containing gold and silver, the latter metals 
being left behind. Nitrogen and oxygen escape through the tube 
This arrangement is employed at the parting works in Frankfort- 
on-the-Main, where the gases which contain the sulphur dioxide are 
produced by the solution of auriferous silver in boiling concentrated 
sulphuric acid. 

2. The Fbocess of Rbj^uction, or the Extraction of Zinc 
FROM THE Calcined Ores 

The reduction of zinc from the calcined ores is performed by 
heating the latter with carbon to a white heat in fireclay vessels. 
Zinc is then separated in the form of vapour and is collected in clay 
vessels known as receivers or adapters. The process of reduction is 
therefore a process of “ compound volatilisation or of distillation. 
The ores which are to be subjected to this process contain zinc in the 
form of oxide or silicate. In consequence of the imperfect calcina- 
tion of zinc blende, small quantities of zinc may be present as 
sulphide or sulphate. In the presence of iron any sulphur is com- 
bined with this metal. Of foreign bodies, the calcined zinc ores 
contain oxides and silicates of iron and manganese, sulphide of 
iron, lead oxide, sulphate and silicate, silicates of alumina, quartz, 
calcium and barium sulphates, antimoniates and arseniates, lime, 
magnesia, cadmium oxide and silver. Zinc is reduced from its 
oxide both by carbon and carbon monoxide. By its reduction by 
carbon, carbon monoxide is formed, which again reduces more 
zinc, with the formation of carbon dioxide. In what proportion 
the carbon monoxide contributes to the reaction is not known. 
In any case the carbon dioxide produced is immediately reduced to 
carbon monoxide by the excess of carbon present, so that it has no 
opportunity of re-oxidising the zinc vapours. It is only when carbon 
is deficient that the carbon dioxide could re-oxidise the zinc at a red 
heat. The fact that the gas escaping from the reducing apparatus 
after the commencement of distillation really only contains very 
small quantities of carbon dioxide is proved by the following 
analyses * 

' Dinrfl. Poiyi. Joum.^ 237, 390 (Fischer) ; Berg, tnid Httften. Ztg. 1880,371. 
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1 

Carbon dioxide . . 0'48 
Carbon monoxide . not tlet. 
Hydrogen .... 5*32 
Nitrogen .... not det. 


2 

3 

4 

5 

1*08 

0*11 

1*10 

0*82 

92 IG 

9712 

not (let. 

98*04 

1*83 

not (lot* 

f V 

0*72 

roi 

0*41 

f V 

trace 

escaped 

immediately bofon* tin* 

end of 
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contained a considerable quantity of carbon dioxide and hydrogen, as 
also a certain amount of methane, a*< is shown by th'fe followinjr 
analysis ^ : — 


Cai'lion dio>Liile . 
Carbon inoiu»xide 
Metliane . 
Hydrogen 
Nitrogen 


15r>8 
38*52 
4*17 
41 *70 
trace 


The methane and a portion of the hydrogen are pnxluced by the 
gases evolved from the lean <.oal, which is used as reducing agent. 
Another portion of the hydrogen is den.od from the decomposition of 
the water vapour, contained in tJie charge, by the rrd-liofc coal. This 
decomposition also produces a portion of the carbon dioxide and 
monoxide. Another portion of tiie oxides of carbon is produced by 
the action of the air still present in thi^ vessel upon the carbon. The 
gases which escape from the muffles in the process of reduction 
at the Munsterbusch Works, near Stolberg, show the following 
composition : — 



1 

o 

Carbon dioxide . . 

. . 0*U‘.) 

0*11 

Carbon monoxide 

. 95-.3G 

97-42 

Hydrogen . , . . 

. . 3*72 

1.20 

Nitrogen . . . 

. . OOl 

0*92 


Zinc can only be reduced from its silicati* by solid carbon with 
the formation of carbon monoxide. 

Tlie zinc vapours escape, together with the gases formed during 
reduction, from the vessels into an adapter in which they are con- 
densed, whilst the gases escape either direct into the air or into 
arrangements in which metallic particles carried off by them may 
be deposited. Any zinc present in the form of sulphide is not 
attacked by carbon, and therefore remains in the residues of the 
distillation. Only in case the ores contain considerable quantities of 
iron oxide or basic silicate of iron is iron reduced from these substances 
by the carbon, the iron reducing any sulphide of zinc to metallic zinc. 
The formation of sulphide of iron is not, however, desirable, because 
it destroys the vessels used for distillation. 

^ Dinah Potyt. Jmmu^ 237, 390 (Fischer) ; Berg, nnd Hitt ten. Ztg. 1880, 371. 
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Any wlphaJU of zinc present in the ore is principally reduced to 
sulphide, which behaves just like the sulphide of zinc which has 
remidned undeoouiposed on the calcination of the blende. 

Fti^ric oxide is reduced to ferrous oxide and forms slags with any 
silica that may be present or with acid silicates. Ferrous silicates 
combine with any other silicates that may be present to form easily 
fusible double silicates. They also have the property of dissolving 
the silica and silicates contained in the material of which the vessels 
are composed, and thus contribute to the perforation and rapid 
destruction of tliese vessels. They also envelop portions of the 
charge and thus cause any zinc contfiined in these jiortions to be 
retained in the residues. Basic iron slags have the especial property 
of taking up oxidt* of zinc and thus withdrawing it from reduction. 
Lastly, in the absence of silica, metallic non is reduced from basic 
iron sings, as also from oxide of iron. Such metallic iron decomposes 
any other sulphides thnt may he present with the formation of 
sulphide of iron. 

OjL'ide of mangmiesc is reduced by carbon to manganous oxide, 
wdiich forms with silica a very fluid slag. The latter would also 
envelop portions of the charge. The presence of manganous oxide 
or silicate tends to the destruction of the vessels, on account of the 
formation of readily fusible double silicates. 

Sulphide of iron is not affected by the processes of reduction. It 
lias an especial injurious action in that it perforates the walls of the 
vessels. 

Oxide of lead is reduced to metallic lead, which is partly 
volatilised and goes with the zinc into the adapters, and partly 
remains in the residues. As long os it is not present in too great 
quantities, and as long as there are only reducing gases present in the 
retorts, the danger of the formation of silicate of lead, involving the 
rapid destruction of the walls of the retorts, is not great on account of 
the ready reducibility of the oxide of lead. If, however, there are 
large quantities of oxide of lead in the charge, a portion thereof may 
still remain unreduced at the temperature at which the formation of 
slag commences, and thus form a silicate. The same action may take 
place even when lead oxide is present only in small quantity if a 
considerable amount of air is allowed access to the retort during the 
course of the distillation. The opinion was formerly held that even 
small quantities of lead — 2 per cent. — cause the rapid destruction of 
the walls of the retort ; but at present it has been proved that the pre- 
sence of lead in tlie charge up to 8 per cent, does not notably affect the 
durability of the retorts. For instance, at Ampsin (Laminne Works) 
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and at Corphalie, ores with 5 to 8 per cent, of lead and 52 per cent, 
of zinc, and at Bleiberg with 5 to 8 percent, of lead, are being treated 
with good results. The retort residues, which contain up to i) per 
cent, of lead in the term of small globules, are ground under edge 
ruiiner*^, and then jigged, whereby the percentage of lead is brought 
up to Ji9. At the Wilhelmine Works, near »Schoppinitz, ores with 10 
per cent, of lead have been treated without affecting the duraj)iht^ of 
the muffles. 

Lead stdphnte is reduced to sulphide, which may redact with iron 
reduced from oxide of iron, so tliat the greater portion of the lead is 
separated out, with the formation ol aulphide of iron. Any sulphate 
lead that has uot been reduced may be converted into silicate ol 
lead by the action of silica. Silicate of h‘ad has a corrosive action 
upon the walls of the vessels. In the presence of any fenous oxide 
1 educed from ferric oxide, carbon may reduce lead from it, with the 
formation of ferrous silicate, which also has a deatruetive action upon 
the walls of the vessels. 

SUicatea of alumintf have no injurious effect on account of their 
infuaibillty as long as other bases are not present. In the presence 
of bases such as the oxides of iron, manganese and calcium, easily 
fusible double silicates are formed, which envelop a portion of the 
charge and attack the walls of the vessels. 

Quartz has no injurious action by itself, but if bases such as ferrous 
oxide, lime and manganese oxide aic present, which form easily 
fusible silicates, it combines with them to form slags, which both 
■envelop a portion of the charge and attack the vessels. 

Calcium and harinm s^dphatea aie reduced by carbon to their 
respective sulphides, which tend to retain zinc in the residues from 
the distillation. According to Thura,^ these substances appear to give 
off half their sulphur to the zinc in the presence of free zinc and 
carbon, in accordance with the equation : — 

2 RSO^ -|- Zn -j" 40 = ”1“ ZnS -j- 4 OO 2 . 

Antimoniales are partly converted into antimonides and partly 
are reduced to antimony, which is volatilised and may pass into the 
zinc. Sulphide of antimony is decomposed by iron ivith the forma- 
tion of metallic antimony and sulphide of iron. Arseniates are partly 
reduced to arsenides, whilst in part arsenic is volatilised from them. 
A portion of the volatilised arsenic passes into the zinc. 

Lime is only injurious in the presence of silica and oxide of iron, 


* Btrtj. uud Hattea. Zig., 1876, p. H.’i. 
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these substances tending to produce fusible silicates, the injurious 
action of Avhich has already been pointed out. 

Magnesia alone has no injurious effects, but in the presence of silica 
and oxide of iron likewise tends to form a slag. The presence of 
considerable quantities of magnesia tends to make the slag difficultly 
fusible, and thus prevents the absorption of zinc by the latter. 

Cadmium oxide is reduced to cadmium and volatilised. Cadmium 
is more readily reduced and volatilised than zinc, and is therefore 
deposited with the first condensed pulverulent mixture of zinc and 
oxide of zinc. It is extracted from this powder. 

Any (dher contained in the charge is only volatilised in very 
^mall quantities. The greater portion of it remains in the distillation 
products, from which it can be obtained by smelting with lead. 

The Charge for the Process of Ptedvetion 

The charges are prepared by mixing or grinding the ores with 
the coal used for reduction, no fluxes being added. Formerly lime 
used to be added to silicate of zinc. It was found, however, that 
this addition tended to the formation of easily fusible double silicates 
in the presence of other bases, and has therefore been discontinued. 
If there are various classes of zinc ore on hand, these should be so 
combined that a purely siliceous or a purely basic grade is obtained 
as far as possible. If this is not feasible, they must be so mixed that 
the silica and the bases shall form a slag as difficultly fusible as 
possible at the reduction temperature of the zinc, as is the case when 
large quantities of lime, or, better still, of lime and magnesia, or of 
alumina, arc combined with only small cjuantitics of silica, or, on the 
other hand, when large quantities of silica exist together with small 
(quantities of the above-named earthy bases. Silicates of alumina are 
difficultly fusible as long as they have not an opportunity of forming 
readily fusible double silicates with the silicates of lime, iron or 
manganese. In the presence of silica, the most injurious substances 
arc the oxides of manganese, ii'on and alkalies, or any quantity of 
lead in the ores. The effect of these bodies in the process of reduc- 
tion should be diminished as far as possible by the addition of zinc 
ures free from iron, manganese or lead. The ores classified according 
to these principles are then mixed with an excess of reducing agent. 
For the latter, lean (non-gaseous) coal is employeil as free as possible 
from pyrites and slate, or else coal that has been carbonised — so-called 
** dndsrl' or else small coke, or a mixture of raw and carbonised coals. 
At Freiberg lignite coke is also used as a reducing agent. An excess 
nf the reducing agent is required both in order to bring the particles 
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of ore into the most intimate contact possible with the carbon, and 
also to promote the formation of, a certain quantity of carbon mon- 
oxide. The latter gas produces a certain tension in the vessels, which 
both prevents the passage through the pores of the walls of the 
vessels, of the gases produced by the furnace firej^ which, on account 
of the carbon dioxide and oxygen they contain, would have an oxidis- 
ing effect upon the zinc vapours, and also expels these va}>ours into 
the condensers and prevents atmospheric air from passing into the 
latter. When coal is employed, hydrocarbons arc evolved, which, in 
the case of heavy hydrocarbons, are dissociated at high temperatures, 
causing the separation of a certain amrmnt of carh^, which is de- 
posited in a finely divided state in the charge. This advantage is, 
however, counteracted by the fact that the expulsion oi the gases 
iroin these coals requires heat, that the water vapour geneiated has 
au oxidising action upon the zinc, and that the zinc vapours are 
diluted by the expelled gases. 

The quantity of the reducing agent i.as been increased at many 
works during recent years. For calamine and silicate ot zinc, it 
camounts to from one-third to half of the weight of the ore, accord- 
ing to the zinc contents, and in the case of calcined zinc blende 
from half to two-thirds of the weight of the ore on account of it'* 
difficult reducibility. The grain of the ore and of the reducing 
material depends on the one hand upon the degree of reducibility of 
the ore, and on tlie other hand upon the form of the vessels in which 
the reduction is carried out. Silicate of zinc is more difficultly re- 
ducible than calamine or blende, and as it is only reducible by carbon, 
and not by carbon monoxide, requires to be brought into the closest 
possible contact with the reducing agent ; both the ore and the re- 
ducing agent must therefore be in the finest possible state of 
<li vision, quite independently of the shape of the vessels of distilla- 
tion. They should either be ground together or be mixed as 
thoroughly as possible after crushing. Zinc blende, which is more 
difficultly reducible than calamine, should also be ground to a very 
fine powder, say 0 04 to 0’08 inch mesh, as is indeed necessary for 
its calcination. It must be thoroughly mixed with the reducing 
sgont, wliich should be crushed to about the sanie size. Calamine 
(calcined zinc carbonate) is reduced comparatively easily by carbon 
monoxide. It therefore requires no such intimate mixture with the 
reducing agent as does the silicate. If it has to be reduced in vessels 
of comparatively large capacity, such as muffles, it, together with the 
reducing agent, need puly be crushed to bean or nut size. If it has 
to be reduced in tubular vessels which possess but a small capacity 



90 


METALLURGY 


compared with the muflSes, it must be crushed a great deal smaller, 
as ako should the reducing agent. This is required with the 
object of filling thoroughly the tubes which are very strongly heated 
by the fire, as well as with the object of avoiding loss of zinc. This 
loss is partly due to the vessels remaining filled at the end of 
the process with zinc vapours which burn and are thus wasted 
when the residues ar^ raked out ; the more completely the vessel is 
filled, the less is the quantity of zinc vapour that can remain at the 
end of the distillation, on account of the proportionately larger 
quantity of residues that will be present. 

The mixture of ore and reducing agent is either produced by 
simply mixing the above-named substances in a trough or upon the 
floor of the works, or else the ingredients of the charge, which have 
been first crushed separately, are gi’ound together or mixed in pi»g mills. 
For instance at Angleur, in Belgium, ore and coal are ground together 
in a Vapart mill down to 0*06 inch mesh. In order to prexent the 
ground mixture from being blown away when it is being chaiged, as 
also to prevent its being blown out of the tubes by the pressure of tht* 
gases evolved in the latter, it is slightly moistened with water. The 
latter must, however, all be removed before the commencement of 
the distillation of zinc, otherwise the zinc vapours would bo oxidised 
by it. 

VlfiSSELS IN WHK H THE PUOCESS OF REDUCTION IS PeIIFOUMED 

The vessels in which reduction takes place are nowadays given 
the shape of either cylindrical or elliptical tubes known as retorts, or 
prismatic boxes arched above, known as muffles; in England 
crucibles used also to be employed. These vessels must be made of 
the most fire-resisting materials possible. The zinc vapours 
escaping from them are collected in receivers attached to them, made 
of a less fire-proof material, wherein these vapours can condense to fluid 
zinc. The gases which pass with the zinc vapours into the receivers or 
adapters, and which consist substantially of carbon monoxide, pass 
into an apparatus attached to the adapters in which any metallic 
portions carried off with them can be retained, whilst the gases are 
ultimately carried through flues or pipes into stacks. The material 
of which the vessels are composed, is a mixture of fireclay and 
burnt clay, or burnt clay and quartz. In some works coke is also 
mixed with the fireclay. The great objections to these materials is 
that the clay is a bad conductor of heat, and will not stand great 
alternations of temperature ; that it is attacked .by the material of the 
charge, as also by high temperatures ; that it is not quite close in 
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texture but presents numerous minute iissurcs, and in consequence 
thereof allows zinc vapour to escape. Steger lias therefore recom- 
mended the use of muffles made of magnesia bricks:^ these have not 
however, come into use up to the present.. The mixture at present 
used consists of raw and burnt clay, or clean fragmints of old 
vessels in place of the latter, and presents the groaGer resistance to 
lluxes, the higher the proportion oi* alumina as compared with that of 
.ilica. For this rea.son the attempts which have been m^r, for 
ample in Upper Silesia, to add coarse-grained fragments of quartz 
to the mixture for making muffles has proved unsuccessful even in 
the case of basic charges. In Tapper Silesia the vessels are made 
lioni clays obtained from Saarau, from Mirow, and more rocontly of 
tlay from Briesen, near Lettowitz in Moravia, which is remaikable for 
its exceptional fire-proof qualities. The composition of these clays is 
a.s follows : — 
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111 Nos. I. and II. 14 per cent, of the silica is in the form of sand, in Nos. III. am 
IV,. ,37 per cent., and in Nos. V. - Vll., only O iW per cent. 

The better qualities of fireclay used in Belgium for th« 
manufacture of tubes have the following composition 


Lwallty. 

AlKloiDlO. j 

Namur. 

Natiiyo. 

Nfiti.yo. 

.Silica . . . 

1 M, 1 

(Kl 

71 

76 

Alumina 


24 

20 

18 

Ferric oxide 

' 1 

1 

o 

trace 

Lime . . . 


1 

— 

— 

Water . . . 

ao 1 

11 

7 

6 


’ Freim. Mininf. Zeit8chrjt,y 1894, p. 16S. 

^ Eisenwid MeiaiLy 1888, p. 53. 

^ Steger, Zeifwh, d. Ohersrhiea., Berg, utul HUtt, Vtrtina, 1888, p. 133. 
Th<yinudf(atrie Ztg,y 1888, No. 22. 
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The following are analyses of certain varieties of clay used in the 
United States of America; — 
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The St. Louis clay contained 12*70 per cent, of the silica as free 
(juartz, and the Perth clay 0*40 per cent. 

By the addition of quartz or sand the clay ran he made richer in 
silica, and by the addition of a pure clay-slate, richer in alumirica. 
With ores rich in quartz a certain amount, up to 10 per cent., of 
(quartz may be added to the clay, but in the case of basic ores, it is 
advisable to employ clay as low in quartz as possible, or to add to 
clay rich in c^uartz certain qualities of clay or clay-slate very rich in 
alumina. As the charge is generally basic, it is in most cases 
preferable to employ in the manufacture of the vessels a material as 
rich as possible in alumina and as poor as possible in silica. In the 
preparation of the material, a portion of the clay is cleaned and 
dried ; another portion is burnt. The burnt and dried clay, as well as 
the other materials which are to be added, amongst which may be 
clean fragments of old vessels, or coke, quartz or sand, are ground, 
generally under edge rolls, and then moistened with water and 
mixed. The mixing is generally performed in pug mills or by 
shovelling and treading. The kneaded clay is allowed to lie for a 
time, usually from 4 to G weeks. The proportions of the various 
materials vary according to their quality. At the Engis Works, in 
Belgium, the mixture consisted for a long time of IS parts of coke, 
30 parts of raw clay, 27 parts of burnt clay, 15 parts of fragments of 
old vessels, and 10 parts of sand. At the works in the Rhine 
Provinces 10 per cent, of coke is used. In many works in Belgium, 
as also in Spain (Asturias Company, Province of Santander), 
considerable quantities of quartz or sand are added to clay rich in 
quartz, so that the vessels consist chiefly of silica. The latter is 

* ffnd Unit, Jahrh. d. Akad.t vol. xxvii., Vieiiiiu, 1879. 

® Euff. and Min. Jonrn., No\. 2.‘>, 1893 ; Tht MinemKIndnittryt 1893, p. 650. 
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certainly less resistant towards fluxes than alumina; on the other 
hand, it stands fire well, is a go^d conductor of heat, and allows of 
thinner vessels being produced than does clay. At the works in 
Upper Silesia, the muffles are made of a mixture of 35 to 45 per 
cent, of raw clay from Saarau, Lettowitz, and Szczakowa, and 56 to 
65 per cent, of burnt clay or fragments of old muffles. From the 
Lettowitz clay, the composition of which is given above, as also from 
the clay-shale of Neurode, which contains up to 44 per cent, of 
alumina, muffles may be made containing 45 of alumina and 53 per 
cent, of silica, which can resist a temperature of at least 1,800° C.' 
The composition of the Neurode clay-shale is, according to Steger, as 
follows : — ® 
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This exceptionally fire-proof clay is burnt twice and cleaned after 
each burning. This burnt clay makes exceedingly satisfactory 
muffles. In the United States of North Ameiica the muffle mixture 
consists of equal parts of raw and burnt clay. According to 
Degenhardt ^ the composition of fragments of Belgian retorts is as 
follows : — 
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The receivers or adapters, which are used at present, receive the 
shape of cylindrical, conical or bellied tubes, or of prismatic boxes 
arched on their upper sides, which are made of less fire-proof 
material than the vessels used for distillation. In many places they 
are composed of equal parts of raw and burnt clay. 

* Steger, op. c*V., p. 66. ^ Pp* P* 
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To these adapters there are attached nozzles which may take the 
shape of cones or cylinders made of sheet iron, prismatic boxes made 
of clay, or prismatic boxes made of clay provided with a grating. 
These prismatic boxes are connected either with systems of tubes or 
flues, through which the gases may be conducted into stacks, or with 
some other apparatus to collect the metallic particles that are still 
contained in them. 

Tlie shape of the furnace depends upon the shape and size of the 
\es.sel8 used for distillation. Those furnaces which contain vessels of 
circular or elliptical cross-section l>ing more or less horizontally are 
called Belgian Furnaces ; those in which the tubes stand vertically 
are known as Corinthian Furnaces ; those in which crucibles are used 
are known as Englisli Furnaces ; and those in which muffles are 
employed are known as Silesian Furnaces. The use of Corinthian 
and English fumaoli.has been comidetely discontinued, and they 
therefore only now possess an historical value. They will therefore 
only be considered here in general terms. The Belgian and Silesian 
furnaces, on the other liand, together with a modification of the 
former known as Belgo-Silcsian furnaces, require detailed description. 

The tubes or retorts of the Belgian furnaces are either circular 
in cross-section, with a diameter in the clear of (> to 10 indues, and 
with a length of 3 feet 3 inches to 4 feet 0 inches, or, when the 
cross-section is elliptical, the long axis is inches in the clear, and 
the short axis 6^ indies to 7 inches ; the walls are indies thick. 
The length is limited by the fact that the retorts are only supported 
at their extremities, and must therefore carry their own weight 
together with that of the charge without bending or breaking. They 
lie with one end on projections or ridges along the rear wall of the 
furnace, and with the other end supported upon ledges of clay in the 
front wall of the furnace and inclined towards the latter, as is shown 
in Figs. 47 and 48, in order to facilitate the removal from them of 
liquid matter and the emptying out of any residue. 

Figs. 47 and 48 represent a Belgian furnace with flat grate ; c 
are the retorts ; / are tlie adapters ; g the nozzles attached to the 
latter ; d are the projections of the rear wall ; c the clay slabs of the 
front wall upon which the retorts rest ; h are plates of cast-iron which 
form the continuation of these day slabs ; i are bricks which support 
the adapters. The flames generated upon the grate a travel round 
the retorts, ascending in the shaft of the furnace, and escape at I out 
of the furnace proper and pass into the stack. The retorts are 
disposed in from 5 to 8 rows above each other, so that the greater 
portion thereof shall be surrounded by the flames. The furnaces are 
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either single furnaces with only one shaft, or so-called double furnaces 


with two shafts separated by a 
vertical wall. The muffles of the 
Silesian and Belgo-Silcsiau fur- 
naces have the shape of prismatic 
boxes arched above, as is shown 
in the cross-section through the 
front end of a muffle in Fig. 49. 
The back side is permanently 
closed, whilst the front side is 
only closed during the process, 
the lower half by a clay tile, the 
upper half by the end of the 
adapter, or else by a tile which 
has an opening to receive the 
adapter. The adapter rests upon 
a step, which again is supported 
by projections in the muffle. A 
muffle with cylindrical adapter is 
shown in Fig 50. More recently 
adapters of prismatic form have 
been*\J8ed“ in Upper Silesia. The 
muffles do not excet'd 20 inches 
in height — usually 24 inches — 



their width being from to 


inches ; their length 
varies from 3 feet 
3 inches to 7 feet. 
If the muffle is only 
supported at front 
and back, its length 
must not HBXceed 4 
feet. A big Silesian 
muffle will take on 
the average a charge 
of 2 cwt. of calcined 
ore. The arrange- 
ment of a Silesian 
furnace fired by 



means of a grate 

and with descending fiame, being the older type of the so-called 
Belgo-Silesian furnace, is shown in Figs. 61 to 65. Fig. 51 shows the 
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longitudinal section on the horizontal line CD ; Fig. i)2 a sectional plan 
on the line AB\ Fig. 53 a transverse section on the line In 
these figures e are the muffles, of which 16 are disposed on either 
side of the grate ; 2 furnaces, with 32 muffles in each, are combined 
together to form a block. The flame rising from the grate U 
surrounds the muffles e, and passes through apertures in the floor 
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of the furnace into the flues k, which convey the products of com- 
bustion to the stack ; s is a chamber for calcining calamine or for 
re-meltmg zinc ; v are flues through which the residues from the 
distillation, which remain in the muffles, are dropped into vaults T\ 
these vaults open into a main vault w, which runs parallel to the 
longitudinal axis of the furnace ; n are the adapters of the muffles, 
q the nozzles attached to these. The zinc collects in the swell of 
these adapters, and is raked out from them from time to tioiCe into 
an iron ladle held in front of the adapters, the nozzles being removed 
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for this purpose. The adapters are placed in pairs in recesses into 
which the front ends of the. respective muffles project for a length of 
about 2 inches. These recesses, of which there are 8 on each Longer 
side of the grate, are separated^by party walls A, The front of a pair 
of such muffles is shown on a somewhat larger scale in Fig 64, in 
which t are the steps upon which tho back-end of the adapter ib 
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supported. The front-end rests upon an iron frame, which is also 
represented in Fig. 56 upon a somewhat larger scale. The latter 
closes the recesses in front, and is completely closed below by means 
of a door y. 

At some works several rows (up to 3) of muffles are placed one 
above the other. Such a furnace fired by gas and containing 3 rows 
of muffles, holding altogether 50 to 65 muffles, which is in use in the 
Rhine Provinces, is shown in Fig. 66; m are the muffles; the two 

H 
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upper rows rest upon benches formed of strongly fireproof clay ; 
V are the adapters for the collection of the zinc. The producer gas, 
generated in a producer not shown in the drawing, passes through 
the flue a into the vertical flue b, and is there mixed with the air for 
combustion, which enteis the flue c through the flues and passes 
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thence through d into h. The flame rises up to the arch of the 
heating chamber, then returns and descends through the openings 
e into the flue /, whence it passes through flues g, h and i into the 
stack. On its passage through the fluo h it surrounds the air flues 
I, by means of which the air used for combustion is heated. 

In England^ the vessels for distillation used formerly to be large 

^ Fcrc> , Metallurgy, p. 666. 
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crucibles composed of a mixture of 7 parts of best Stourbridge clay, 

5 parts of a second-quality clay, 3 parts fragments of glass pots, and 
()• parts of fragments of old zinc cruciblea These crucibles were 
notable for their exceptional durability. Each of them could contain 
368 pounds of calcined zinc blende. The crucibles were heated in a 
furnace arranged like a glass-melting furnace. The zm' vapours, 
evolved during the process of distillation, escaped through an 
opening in the bottom of 
the crucible into a vertical 
descending pipe. In the 
latter they condensed and 
trickled into a vessel ol‘ 
sheet-iron placed at the 
bottom. The distillation 
was accordingly a distilla- 
tion jier descenmm. The 
construction of such a 
crucible with its tube at- 
tached is shown in Fig. 57. 

The crucible was charged 
through the opening on top, 
the removable cover being 
taken away for this pur- 
pose. These openings were 
accessible through opeuiugs 
in the vault of the furnace, 
also provided with covers. 

The tube for conducting 
away the zinc vapours was 
composed of sheet-iron, and 
was made in two parts, h 
and c. The upper portion 
h wc|s held in an iron ring 
which rested upon a cross piece d, welded to the perpendicular 
iron rods f, which pass through eyes secured to the furnace. The 
iron rods could be raised or lowered in these eyes and clamped 
in any desired position. By pushing the rods up, the upper portion 
of the tube, which was provided with a flange, could be brought into 
close contact with the bottom of the crucible. The lower tube was 
pushed into the upper one and fastened by being turned round in it. 
Below the bottom tube there was an iron vessel to collect the zinc. 
The construction of the English furnace is shown in Fig. 58, in which 

If ^ 
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0 me the crucibles, 6 in number, which were placed on cither aide of 
the grate a. The flames, after heating the crucibles, passed through 
openings g in the vault of the furnace into the flue ; b is the fire- 
door. The crucibles were inserted in the furnace through arched 
openings m, which were closed during the opeiation by means of 
movable walls built of brick lumps. In the latter there were small 

openings c, which 
could be more or less 
closed as required by 
means of bricks, the 
fire-door being kept 
closed by means of a 
shovelful of coals. The 
openings r served to 
clay up any cracks in 
the crucible that 
might form m the side 
exposed to the fire. 
The ciiicibles were 
chaiged through the 
openings h, which 
were kept closed 
during the operation 
by means of a tile i. 
The gases escaped 
through the aperture 
g into the flue, a tile I 
being used lor regu- 
lating the draft ; / is 
the tube through 
which the zinc vapours weie conducted down, p the sheet-iron 
vessel in which the condensed zinc was collected. The residues 
after distillation were removed through the opening in the bottom 
of the crucible. These English furnaces have been entirely disused, 
and have been replaced by Belgian or Silesian furnaces on account 
of their high consumption of fuel, one ton of zinc requiring from 22 
to 27 tons of coals. 

At Delach, near Greifenburg, in Carinthia, small vertical tubes 
were used at the commencement of this century in the process 
of distillation.^ These tubes were closed at their upper wider end, 
and opened at their bottom end into a tubular receiver through 
1 Hollunder, Tagelniih ttner Met Reise, Nuinberg, 1824, p 273 , Percy, p 586. 
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vbioh tile adno vapottrs passed into a chamber common to all tho 
tubes, in which they were condensed. The floor of this common 
receiver was formed by an iron plate upon which the zinc trickled 
down. Eighty-four such tubes were placed in a reverberatory 
furnace. The tubes were 3 feet 3 inches long, inches in 
diameter at the top, and inches at tlie bottom. From 5 to 7 lbs. 
of ore were charged into each, Mu u[)per empty portion of the 
tube, 4 inches long, being filled with >itn'l pieces of charcoal. This 
method of distillation has long been abandoned on account of the 
higli costs connected witli it Recently vc'itic. 1 tubes of larger 
diameter for the treatment of load-bearing zme oics nave 1« • ii pro- 
posed by Cheiihall,! p,i„on and Orandtils.-^ by Keil, .itnt by 

'ii'itxncr and Kiihler^ Tho furnace ol 


_ T T T Tni t^ Ib'i.iii and (Irandfils, which pos-sesses such 

] liib'*- nrianged for continuous working, 

' » IT \Mlii ailajitcr to collect the zinc at then 

i iippei ciid.<, lud with an opening at tin. 

' ^ |i lower end ior the removal of tho residues 

i of distillation and for tlie collection or 

I I tapping otf of the lead, is shown in 

t [~ J g. Fig. 59. D is the tube 8 feet 10 inches 

1 long and 15? inches in diameter. It 

1 1 1 I stands in a cast-iron tube E filled with 

ll I clay, which is attached to the ujiper 

II 1 \ portion of a boot-shaped iirojcctinn F. 

^ ipho upper opening ot tho tube, througli 

’*'■ which it is charged, is closed by means 

of a cover h. Jf is a conical adapter for tbe collection me 

vapours. Each furnace contains 12 to 16 of such tubes, 

^ Vtnvpq F which in their turn are supported by 

Se brick pWars 0. The tubes are heated by gas, which is burnt in 
the flues H by the aid of air previously heated. Nothing is known 
to th® author^astothe practical resulte obtained in these tubes or 
their application on a large scale. 


> Of^nr. Zfilx-lir., 1880, I>. 

« IbUi. 1881, p. 325! IM'/t- vol.23.>,p. 222. 

» Jitry. itwl IM- P- ,„ao 

* 1). B. I’ttteut, No. 58,020, heptcmlier 2.), 1880. 
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General Considerations Respecting the Process op 
Reduction 

As will be seen from the above statements, the process of 
reduction is carried on in comparatively small vessels more or less 
readily destroyed, which do not admit of continuous action, and are 
expensive to produce, whilst the cost of fuel and wages is high. If 
to this is added that the extraction of zinc is an imperfect one, 
ranging from 70 to 00 per cent, of the zinc contents of the ore, 
because the losses of zinc amount, under the most favourable circum- 
stances with rich ores, to 1 0 per cent, of th(' contents of the ore, and 
in the case of poorer ores to 30 per cent., being due to zinc remaining 
behind in the residues, to zinc vapours that remain in the vessels at 
the end of the distillation and the burning of the latter when the 
residues are removed, to imperfect condensation of zinc vapours, to the 
escape of zinc vapours from the vessels, and to the retention of zinc 
as an aluminate in the waira of the vessels, the present process of 
zinc extraction must be considered as a highly imperfect one, when 
compared with the process^for the extraction of metals which are not 
volatile when reduced in the dry way. In consequence of the above- 
named difficulties, poor zinc ores cannot be utilised at all for the ex- 
traction of zinc. It is therefore intelligible that met allurgists have long 
been striving to replace the present discontinuous process by a con- 
tinuous process in shaft furnaces. The whole of the attempts in this 
direction have, however, as far as regards the extraction of’ metallic 
zinc, given unfavourable results. Having regard to the difficulty of the 
condensation of zinc in vapours which are diluted to a high degree by 
the products of combustion and by the nitrogen of atmospheric air, 
such as is the case with zinc vapours obtained from shaft furnaces, it 
is not probable that the problem of the direct extraction of zinc in 
such furnaces will be satisfactorily solved. It is, however, highly 
probable that ores poor in zinc may be worked in shaft or rever- 
beratory furnaces and yield intermediate products rich in zinc, as, for 
instance, mixtures of pulverulent zinc with small quantities of oxide, 
or zinc oxide, which would form a suitable material for zinc distillation 
in appropriate vessels. 

Having regard to the small probability of success in the direct 
zinc extraction in shaft or reverberatory furnaces, efforts during 
the last 20 years have been directed to the improvement of the 
process of zinc extraction in its actual form, with favourable results. 
These improvements consist chiefly in the introduction of gas-firing. 
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in increasing the size of the famaces, in improving the fire-proof 
qualities of the material employed for the vessels, and in the 
production of these with dense walls by the employment of hydraulic 
pressure, the improvement of the apparatus used for the condensation 
of zinc vapours, and for the removal of condensed zinc from the 
adaptors, for the collection of the zinc which has not been condensed 
111 these, and for keeping the interior of the zinc works free from 
lames. We have therefore to consider as the only method of zinc 
extraction used up to the present in the dry way, the distiflatinn of 
zinc in vessels and its chief variations : — 

(1) Distillation in horizontal retorts oi the Belgian method. 

(2) Distillation in muffles, or the Silesian method. 

The other above-named methods, \iz,, the English and the 
(^arinthian, are no longer in existence, and need therefore no further 
consideration. 

Comparison of the Process of DiSTiLLATiOiS in Retorts 

AND Mu FI LES 

The differences between distillation in retorts and in muffles have 
been pretty well equalised since the introduction of gas-firing. There 
are districts in which distillation is carried on in retorts to as much 
advantage as it is in muffles, as for instance the Rhine Provinces, 
Westphalia and Belgium. As long as ordinary grates only were used 
for zinc distillation, the choice between letorts and muffles depended 
generally upon the flame-giving (luality of the coals. Distillation in 
retorts required coals giving a long flame, whereas distillation in 
muffles could be performed also with coals that ga\ e but a short flame. 
Only in recent times has it been rendered possible by means of 
special construction of grates to use fuel giving a short flame also 
for the heating of retorts. For example, in thi‘ United States by 
burning anthracite coal upon what are known as Wetherill grates, 
consisting of cast-iron plates with conical holes, by means of heated 
air, a long flame suitable for the heating of retorts has been obtained. 
Hence it happens that in districts which yielded coals giving short 
flames, as in Upper Silesia, muffles were first employed, whereas in 
districts in which fat or long-flaming coals were available, as in the 
Rhine Provinces, WestphaUa and Belgium, both retorts and muffles 
came into use. By the introduction of gas-firing in its various 
modifications, and of the above-mentioned Wetherill grates, the 
choice of the vessels employed has been rendered independent of the 

flaming properties of the fuel. , _ . , i • 

Retorts present the objection that, being only supported at their 
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two ends and completely exposed to the fire, they last for a shorter 
time than do muffles, and therefore necessitate a greater consumption 
of fireproof material, and this of better quality than do muffles. 
Their capacity at the same time is less than that of the muffles, so 
that they require to be more frequently^filled and emptied than do 
the former. For these reasons, and also on account of their being 
disposed in a large number of tiers one above the other, they require 
more highly skiUed labour than muffles, so that the cost for labour 
in working them is greater than in the case of muffles. When fire- 
grates are used, they require, however, less fuel than muffles ; when 
gas-firing is used, and when the air needed for combustion is first 
heated, or when both air and gas are heated, any difference in the 
consumption of fuel disappears, especially when several rows of 
muffles are placed one above the other. On account of their smaller 
diameter and their free position in the fire, heat penetrates more 
rapidly into the interior of the retorts than into muffles. They 
are therefore specially useful for difficultly reducible ores which 
require a very high temperature like silicates of zinc. On account 
of their small capacity they have to be filled very closely, and are 
therefore suitable for ores crushed very fine, as, for instance, roasted 
blende. For the treatment of poor ores, retorts are less suitable 
than for the treatment of rich ores, because the former require a 
longer time for their reduction, and are therefore best treated in 
muffles, in which the ores remain twice as long as they do in 
retorts. For example, in Belgium, ore containing less than 35 to 40 
per cent, of zinc cannot be treated with advantage in retorts, whereas 
in Upper Silesia ores containing 12 per cent, of zinc are treated 
successfully in muffles. Since the introduction of gas-firing, and 
since muffles have been placed in several tiers one above the other, 
it is no longer possible to give a general decision applicable to all 
instances regarding the choice of muffles or retorts. Both forms of 
vessels are used with equal advantage in many districts for both 
calamine and blende. For example, in Belgium retorts are used at 
Angleur, Corphali'e and St. Leonard, whereas muffles are used in 
Flone and Valetin Coeq. In the Bhine Provinces retorts are used 
at Muhlheim and Moresnet, muffles at Borlech, Hamborn and 
Stahlberg; in Westphalia muffles are at present employed; in 
Upper Silesia muffles are used exclusively; in Spain and in the 
United States only retorts. 

Very difficultly reducible ores, such as silicate of zinc, are best 
treated in retorts — poor ores in muffles. Finely' ground ores, as also 
ores rich in zinc, may be treated in retorts or small muffles (Belgo- 
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Silesian muflSes), which are placed in several rows one above the 
other, when good and cheap fire-resisting material is obtainable, and 
when labour of sufficient skill is available, whilst under opposite 
circumstances large Silesian inuffies should be employed. Coarse- 
grained ores can be treated both in muffles and in retorts ; it depends 
upon their zinc contents which form should receive the preference. 
Poor ores are best treated in Silesian muffles, rich ores in retorU or 
Belgo-Silesian muffles. 

The question how poor an ore may be and still be treatcMi profit- 
ably, depends, apart from the price of zinc, upon the rate of wages 
the cost of fuel, and the cost of fire-ri*sisting materials. The item of 
coal is the highest, next comes that of wages, and lastly that fire- 
resisting materials. For example, the costs of distillation per ton of 
calcined ore in Bclgo-Silesian furnaces, under conditions obtaining 
in the Middle Rhine Province.s, are distributed as follows, according 


to Lynen : — ^ 

Coals ... 15s. 

Wages .... .... 12s. 

Fire-rosisting materials. . .... Gs 

Maintenance and General ExpeiiseM . . 7.s 


It has already been stated that Belgian ores containing much 
under 40 per cent, of zinc can no longer be treated with advantage 
in retorts, whilst in Upper Sile«;ia calamine with 11 to 12 |ier cent, 
of zinc can be worked in injifflcs. 

As the outlay for coals forms the chief item in the cost of zinc 
extraction, zinc works should as a rule be erected in the neighbour- 
hood of coal-mines, and the ores should be carried to the coals, not 
the coals to the ores. For 1 part by weight of zinc 4 to 10 parts by 
weight of coal are consumed. 

I. The Belgian Method of Zinc Distillation 

As already stated, this method of distillation is performed in 
retorts lying at a flat angle of inclination and heated in externally- 
fired shaft furnaces. The zinc vapours thus formed are condensed in 
conical adapters provided with nozzles. 

The tubes or retorts arc made of the shapes and dimensions 
already given ; quite recently the walls have been made only J inch 
thick, the material consisting chiefly of silica similar to Dinas brick. 
At La Salle, Illinois, U.S.A., retorts have been used rectangular in 
cross section and of large dimensions, which have to resist the first 

> Zinc fkirnace with common ronJenainff chamber ^ London, 1893 
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flAteck of the flames, the firing being by gas ; their outside dimensions 
sure 5 feet long, 20 inches high, and 9 inches wide. 

The material of which the retort is made has already been 
referred to. The mixtures employed at the different works vary 
greatly and depend upon the contents in quartz and alumina of the 
various materials that are obtainable, as also upon the nature of the 
gangue of the ores. In many works finely ground coke is added to 
the materials employed in order to make the retorts firm, smooth, 
and impenetrable to zinc vapours. Retorts made from material rich 
in quartz are glazed for the same purpose with a glaze consisting of 
60 parts of loam, 30 parts of glass, and 1 0 parts of soda. If the 
mixture contains too great a quantity of raw clay, it becomes less 
fire-resisting ; if it contains too much burnt clay, it is difficult to 
mould, and the tubes become porous and brittle. For example, the 
mixture used for retorts at the Engis Works, in Belgium, for a long 
time consisted of 30 parts of raw clay, 27 parts of buint clay, 15 parts 
of old retorts, 18 parts of coke, and 10 parts of sand. Another 
mixture used in Belgium for retorts made by machinery^ is as 
follows : — 


Paits by Volume. 

Coke 1 00 

Sand . 300 

Old Retorts 250 

Raw Clay . 350 


In England, at Morriston, the mixture for retorts, cooled by a 
•current of air, consists of 1 volume of raw Belgian clay from Andenne, 
2 parts of burnt Belgian clay, 1 part of raw, and 1 part of burnt 
Stoui bridge clay, all by volume, or else 1 part by volume each raw 
and burnt Belgian clay, raw English clay, fragments of old retorts, and 
Belgian sand. For ordinary retorts, the mixture is 1 part by volume 
of Belgian clay, 1 part of English clay, 3 parts of old retorts, or 1 part 
of Belgian clay, 1 of English clay, 1 of burnt Belgian clay, 1 part of 
old retorts, and 1 part of old fire-bricks. In the United States of 
North America equal parts of fresh and burnt clay are used. The 
latter may consist of either clay freshly burnt or of the fragments of 
old retorts. A mixture of (][uartzose material which has been quite 
recently employed has the following composition: one-third clay 
from Andenne with GO to 70 per cent, of silica, one-third sharp-edged 
sand, and one-third burnt clay. The mixture contains 94 per cent, 
of silica. 

The above materials are first crushed, then kneaded together 

^ Knab, Metallurgies p. 431. 
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to a uniform mass, with the tddition of 7 to 8 per cent, of water. 
Crushing is performed by means of edge runners, CaiT’s disintegrators 
or Vapart s disintegrators. The latter apparatus, generally used in 
Belgium, will grind from 3 to 3i tons per hour. If the ^raiu is too 
conrse.the retorts will be porous; if, on the other hand, it is loo tine 
the retorts readily soften in the fire. The clay is ground to a fine 
flour, whilst burnt clay and fragments of retorts ttre passod through a 
si('ve of 0*2 inch meah, but the average grain of the whole rot, 
a rule, exceed ()T2 inch. The materials are kneaded together in an 
ordinary pug mill, and only evcentionally bv hand. A^ter knesding, 
the mass is usually alloweti to lie iioiu 8 to S weeks in cellars 
to make it more plastic ; it is then cut up into lumps The 
manufacture of retorts may be performed l)y hand or b\ imichino, 
machines being musily employed, hand work having been given 
u]) at present at most works. Retorts wluui made by hand are mostly 
made by means of sheet-iron moulds, which eonsii^t of several sec- 
tions: each section consists of two lndv» s, each of whicli lias the shape 
of a hollow semi-cylinder. 'Ihr t.wo faces are then phtce<l together, 
when they form a cylinder, and are kejit together by moans of rings 
and wedges. Into the bottom ]Kir< ot the mould a disc of clay is 
placed, which is then hollowed bv means of a stamper to form the 
bottom of the retort, so that the edges of tlie disc rise up to form the 
commencement of the walls of tlu' cylinder. The portion of the disc 
that has been forced up is now beaten against the wall of the mould 
by means of a beater and then scraped and smoothed out b} tlie help 
of a sweep. The upper edge of that portion of the retort that is thus 
produced is then scored with a comb-shaped board, when it can be 
lengthened to the required extent by the addition of rings ol clay. 
As soon as these rings have reached a certain height, the cylinder 
thus formed is surrounded by a new segment of the mould. The clay 
is once again beaten against the wall of the segment that has been 
put on, and is again bored out by the help of the sweep. Tim upper 
edge of the tube thus prolonged is again scored, and the }>reviou8 
process is repeated, and continued until the retort has reached the 
desired height. A small ring of clay is then placed upon the top edge 
and pressed inwards in order to strengthen the wall of the retort at 
this point. Finally the upper edge of the retort is cut smooth. It, 
together with the inside of the retort, is planished, and the whole is 
then placed in a well-ventilated room. A workman can produce from 
18 to 20 retorts in 12 hours. After some 48 hours the various seg- 
ments of the mould are removed gradually and the retort is then 
allowed to stand for another three weeks until it is completely air- 



108 


METAUiURGY 


dried. It is then dried for two or three months in chamjbers heated 
by furnaces or stoves to a temperature of 25*" C. at first, rising ultimately 
to 70° C. The longer the retorts are allowed to remain in these 
heated drying chambers, the better do they stand in use. Another 
method of manufacturiug retorts by hand consists in placing a cylin- 
drical core into the mould and stamping the material of which the 
retort is to consist into the ring-shaped space left between the mould 
and the core. 

The manufacture of retorts by machinery is performed in various 
wa)S. The older method, which is still in use at Angleur, in Belgium, 
consists in forcing the clay wrapped in linen into a vertical, cylindrical, 
or elliptical wooden mould arranged to open, and then boring out, by 
means of a drilling machine, a cylindrical or elliptical hole in it. The 
clay is stamped in by means of a hammer moving up and down. After 
the mould has been filled in this way it is carried with its contents to 
the boring machine, which then hollows it out. The mould is then 
opened, an(jUAhe retort is taken out and carried into the drying 
chamber, vJUre its linen covering is removed, and where the inside is 
smoothed. At Angleur three men and two boys can make 140 retorts 
in this way in 1 0 hours. 

A second method, which is now used at most of the Belgian zinc- 
works, consists in first moulding the clay into the form of solid cylin- 
ders, and then pressing these into the shape of retorts by hydraulic 
machinery. By these means the bottom of the retort is made in one 
piece with the tube. The solid cylinders are J foot 8 inches in 
diameter, and 2 feet in length. They are produced by pressing lumps 
of clay into cylindrical or elliptical moulds, the bottom of which is 
formed by a hydraulic piston. After the clay has been rammed suffi- 
ciently firmly into the mould with hammers, it is forced out of 
the mould by means of the hydraulic ram, and then, by means of 
hydraulic presses, forced into the shape of the retort. There are 
various forms of these hydraulic retort machines in use. One of them 
consists of a vertical cylinder of cast steel, the interior of which has 
the shape and dimensions of the exterior of the retort. Inside it 
there is a hollow core of the shape and size of the interior of the 
retort to be moulded. A lump of clay is first thrown into the cylinder 
to form the bottom of the retort. The upper end of the cylinder is 
then closed, and by means of a hydraulic ram a pressure of from 150 
to 200 atmospheres is exerted upon the clay in the cylinder, from 
beneath. The bottom is formed by pressing the clay against the 
cover of the cylinder, the walls by the clay being forced into the 
annular space between the cylinder and the core ; the pressure is kept 
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on for some 2 minutes. After this, the cover of the cylinder is taken 
off, and the retort is forced out of the mould by allowing the hydraulic 
cylinder to rise. When it has reached the desired length, the retort 
is cut off by means of a wire. Another form of moulding machine 
consists of a vertical hollow cylinder of cast steel, in which there is an 
annular piston which fits exactly into the interior thereof. Inside the 
annular piston there is a cylindrical core of the shape of the interior 
of the retort ; both pistons work from below upwards. The top of the 
cylinder is closed by a heavy cover of cast steel. To make' a n tort, a 
cylindrical block of clay of the requisite size is introduced into tlio 
cylinder, the top of which is closed, lloth pistons are at first pressed 
simultaneously ujiwards to compress the clay, thereupon tlir inner 
cylinder or core is forced into the clay, whilst the annular cylinder 
sinks back. By this movfjmcnt the retort receives the shape required. 
After it has been formed, the upper end of the cylinder is opened, 
and by forcing up the annular vylinder the letort is pressed out of the 
apparatus ; here also the pressure amounts 1 o 150 to 200 atmospheres, 
and is applied for some 2 minutes. A machine of the first kind is 
used, for example, at Ampsin in Belgium. This machine will make 
145 retorts in 1 0 hours, with the labou** of Jj men per shift. Another 
man is required for moulding the clay cylinders, and another removes 
the finished retorts into the drying-house. A machine of tho second 
class is in use at tho MunstcrhuscL Works, near Stolberg, for the 
manufacture of muffles ; 145 to 150 muffles are there produced in 
10 hours, three men being required. Retorts manufactured by the 
aid of hydraulic machinery are better and more durable than those 
produced by hand, especially because the walls are denser, so that the 
loss of zinc has become considerably less since they have come into 
use. Retorts made by machinery are dried in the same way as those 
made by hand. Before tho retorts are introduced into a furnace in 
operation, they must be heated for a time in a kiln to prevent their 
craeking and bending. They must be heated up to a red beat for 12 
to 24 hours, and must be turned round at half time. 

The kilns, in which the retorts are heated before being used, are 
reverberatory furnaces, through the beds of which pass numerous per- 
forations. The retorts are placed in the heating chamber above this 
bed. The grate is either below the perforated bed, so that the flames 
passthrough the openings in the latter from below upwards, or else it 
is on one side, and the flame passes over a fire-bridge into the upper 
part of the heating chamber, passing through the latter from above 
downwards, and escaping through the openings in the hearth into the 
flues. A furnace of the latter kind, which is said to have done 
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good work, and to have been very durable, and which is 
iH w e ftw ed in England to kilns of the first kind, is shown in Figs. 60 
6l2. A is the heating chamber, 7 feet long, 4 feet 6 inches wide, 
and 5 feet high in the centre, holding some 25 retorts ; a is the 
fire-place ; the grate, 4 feet 3 inches long and 12 inches wide, consists 
of two halves inclioed towards each other; h is the fire-bridge over 
which the fiame passes into the heating chamber. The flame traverses 



the latter from above downwards, and passes through the apertures 
c, 4 inches square, in the bed, into the flue which leads the products 
of combustion into the stack. 


Adapfers 

The adapters in which the gaseous /me condenses, are short 
conical tubes of clay, which is, however, loss firo-resisting than the 
clay of the retorts. They are usually composed of a mixture of 
equal parts of raw and burnt clay. In England the mixture con- 
sists of one part of clay from Andenne, one part of Stourbridge clay, 
and four parts of old retorts and bricks. The mixture is either 
formed into sheets and turned round cores and then beaten firmly 
against the latter, or else it is pressed into a conical metal mould, 
into which a core is forced. The piece thus made is carefully dried, 
smoothed inside, and finally burned. These adapters are about 16 
inches long, 6 inches in external diameter at the wide end, and 
3 inches at the narrow end. A workman can make 100 of these in 
a day. Before being used, they are coated with milk of lime in order 
to be able to remove without diflSculty any accretions that may form 
in them. The wide end of the adapter fits into the retort, the space 
between the two being filled up with clay. An adapter lasts from 
8 to 10 days. The fragments of old adapters after being cleaned pan 
be used for the manufacture of firebricks of inferior quality. The 
mode of attaching the adapter, and its ])osition with respect to the retort 




ZIKO 


111 

are seen in Fig. 6S, the wide end of the adapter being luted to the 

retort r; the front narrow end rests upon a brick. To it is 

the BO^alled nozzle, which is made of sheet-iron, and serves to ee t ch 
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ciiiy particles of metal that may be carried off by the irapours; it is 
secured by means of wirea, which are mad^^ fast to the front wall of 
Ihe furnace. 

F%(,rmces 

The furnaces employed in distillation aie, as already mentioned, 
shaft furnaces hred externally. The retorts arc disposed in them m a 
number of tiers one above the othei so that the greater portion of their 
surface shall be exposed to the flame. The number of retorts which 
a furnace will take varies, accoidjng to the dimensions of the latter, 
between 50 and 400. For example, a double furnace in La Salle, in 
the State of Illinois, has on either side 204 retorts, or 408 altogether. 
At Angleur double furnaces carry 100 retorts in 5 rows of 20 each 
on either side, those at Ampsin 50 in 5 rows of 10 each ; at Corphalic 
7 rows of 10 each, 7 rows of 12 each, and 6 rows of 10 each on either 
side; at Bleiberg 70 and 84 retorts on either side. In order to 
enable the furnace to hold as many retorts as possible they have 
been made oval in cross section, or the front of the furnace has been 
made of hexagonal frames of cast iron, the end of a retort fitting intO' 
each hexagon, or instead of the hexagons cast-iron rings have also 
been employed. The furnaces are either single, and then consist of 
one shaft-like chamber filled with retorts, or else are double, in which 
case they are divided by a vertical partition wall into two shafts, 
each of which carries retorts. With respect to the mode of firing, 
furnaces are divided into those fired by means of grates, those fired 
by grates and gas, and those fired by means of gas. By a suitable 
modification of grate firing (WetheriU grates and modified gas-firing), 
and more especially by the introduction of gas firing, important 
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advantages as regards the consumption of fuel and economy in retorts 
have been attained, and the distillation has been rendered in- 
dependent of the nature of the fuel. Unless, therefore, under 
exceptional circumstances, the method of gas firing should as a rule 
be used for Belgian furnaces. Wo have accordingly to consider : — 

1. Furnaces fired by grates. 

2. Furnaces fired by grates and by gas. 

3. Furnaces fired by gas. 

1. Furnaces Fired hy Grates 

These furnaces are either single or double. The grates are either 
flat or step-grates. When long-flaming coals arc available, the 
so-called clinker grate is used, in which the fresh coals are thrown 
upon a bed of clinker, and the air which enters under the grate is 
warmed by passage through this bed. The clinker is removed 
through the interspaces between the grate bars, and falls into the 
ashpit. A clinker grate has the advantage, as compared with 
ordinary grates, of consuming effectually the fuel, of heating the 
air used for combustion, and of only needing the removal of ashes 
at longer intervals of time, as also of aflording a better protection to 
the grates against the fire. For leaner coals tlie so-called open grate 
is used in which ashes arc removed from above. Anthracite can be 
burned on the so-called Wetherill grates. These are in use in 
Bergen Port and in Bethlehem in the United States. The grates 
consist of cast-iron plates 1^ inches thick, which are pierced by 
conical holes. These holes are 1 inch wide at their wide end, 
0*4 inch at the narrow end. There are 100 holes to the square 
foot. The plates are so arranged upon cast-iron bearers that the 
narrow ends of the holes are uppermost, thus preventing them from 
becoming stopped up. Air is introduced by means of a fan blast and 
conducted by means of a flue passing underneath the floor of the 
works into the closed ashpit. A further portion of air is heated in 
the lowest retorts, which are not charged, and is conducted into the 
fireplace. By this means 7 tiers of retorts can be heated. 

Single Furnaces 

In these furnaces 11 to 12 retorts are allowed to every 35 cubic feet 
of furnace capacity, and 1 square foot of grate area to 16 to 20 cubic 
feet of furnace capacity. The older Belgian furnace — the so-called 
Liftge furnace — was designed in 1807 by Abbd Dony in Li^ge. Its 
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arrangement, as it was erected at Moresneti is shown in Figs. 64 and 
65.^ The arched furnace shaftds 10 feet 6 inches high, 8 feet wide, 
and 5 feet deep. It contains 69 retorts in 9 tiers. The lowest tier 
of 8 retorts, which lie nearest to the grate, known as •protectmrB, oi 
“ cannons,** is not charged. Their only object is to weaken the catting 
action of the flame and to distribute the latter uniformly amongst the 
other retorts. The lemaining retorts are arranged with their back ends 
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upon the projections v of the back wall, and with their front ends, 
in the 6 lower rows, resting upon tiles (tastes), «, the prolongation of 
which is formed by plates of iron ; in the two upper rows they rest 
upon plates of iion only. By means of bricks placed on edge the 
whole front waU of the furnace is divided into compartments, which 
contain in the topmost row one retort each, whilst in the lower tiers 
they contain two retorts each. S is the grate, M the fire door, JVare 
> Berff, und Bfutt, Zfg., 1869, p. 406 ; 1800, p 3. 
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the flues, through which the products of combustion escape either 
into the stack or into the furnace for calcining calamine. AT is a 
chamber in which the residues from distillation are collected. The 
arrangement of the retorts and adapters is shown m Fig. 6G At the 
Momston Woiks of Vivian and Sons, near Swansea, in England,^ there 
were in 1878 single Belgian furnaces in use, the larger of which con- 
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tamed C tiers of retorts, 1() in a row and 1 tier with IG blanks, or 112 
retorts altogether. The blank retorts or co/nnoiis were constructed 
with an air flue in their lower portion in order to cool them, as shown 
in Fig. G7. Fisch furnace had two fireplaces G feet long by 9 inches wide. 
Each furnace treated two charges daily, but the four bottom tiers only 
treated one charge each. In 24 hours 27 cwts. of calamine and 
blende, containing 60 to 51 per cent, of zinc, and 15 cwt. of coal-dust, 

^ Bnrgnet, Bauf inid H%W Xty , 187S, j) 3HS 
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were distilled, the product being 11 to 11} cwts. of zinc. The coal 
consumption was 2 tons to 1 tqn of ore. There were three men em- 
ployed on each shift. Four retorts were destroyed in every 24 hours. 
These furnaces were not satisfactory as regards the consumption of 
fuel and the working costs, and were far surpassed by the Oomwall 
furnace employed at the same works, designed by Alfred Borgnet. 
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Instead of one single grate running parallel to thelon^tudinal axis of 
the furnace, these furnaces possess five grates at right angles to the 
axis, inclined parallel to the direction of the retorts, and capable of 
being fired from the back side of the furnace. In consequence of th» 
arrangement, the length of the furnace can be notably increased. 
The construction of these furnaces at the Morriston Zinc Works is 
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shown in Figs. 68 and 69. They contain 120 retorts in 6 horizontal 
tiers. The retorts TJ of the four lower rows, the so-called cannoTW, have 
■air flues as shown in Fig. 67, whilst the retorts of the two uppermost 
tiers are without such flues. H is one of the five grates 24 inches by 
■6 inches in area. The products of combustion pass through seventeen 
apertures in the arch of the furnace into the main flue 5, and from 
the latter into a stack 23 feet in height. The front wall is composed 
of 11 cast-iron pillars, cast in one piece, each of which is 4 inches 
broad, and has walls 0*4 inch thick. The interspaces between the 
walls are filled with fire-proof material. Cast-iron plates 1 foot 
8 inches long slide in grooves along the pillars, and upon these lie 
firebrick tiles, upon which the front portions of the retorts may rest. 
The length of the furnace between the outer walls, which are 4 feet 
thick, is 20 feet 6 inches, the width, including the brickwork, is 
7 feet, the height from the grate to the arch is 14 feet, the height 
in front from the first cast-iron plate to the spring of the arch is 
10 feet. The distance between the cast-iron plates of the first and 
second tiers amounts to 20 inches, of the third and fourth tiers to 

19 inches, of the fifth and sixth tiers to 17 inches. The recesses are 

20 inches wide, and carry two retorts each. The arch consists of 
alternate layers of the best firebrick and Dinas brick, and is 10 inches 
thick. The furnace is supported upon iron rails. It is capable of 
treating 2 tons 2 cwts. of ore containing 49 to 50 per cent, of zinc, 
mixed with one ton of coal, in 24 hours, the output being 15f to 
17 cwt. of zinc. For 1 ton of ore 2 tons of fuel and 1*6 retorts are 
consumed. There are three men on the shift. 

The Belgo-Cornvrall furnace ^ contains four tiers, each of ten oval 
cannons or dummy retorts, and two rows of nine retorts each, or 108 
retorts altogether. The grates are not transversal, but longitudinal, 
there being two, each of 8 feet 6 inches by 10 inches area. These 
furnaces treat in 24 hours 30 cwt. of ore mixed with 9 cwt. of coals, 
with an output of 12^ to 13 cwt. of zinc. Each ton of ore requires 
the consumption of 42 cwts. of coals as fuel. A furnace destroys four 
retorts per day. Compared with the older Li4ge furnace the Corn- 
wall furnace requires less labour and is far more durable, lasting five 
to six years, as compared with twelve to fifteen months. On the 
other hand, it requires more coals than does the Li4ge furnace, due 
in part to the cooling of the retorts. The Belgo-Cornwall furnace 
requires, on the other hand, more labour, but consumes fewer retorts 
than does the Cornwall furnace. It is somewhat inferior to the latter, 
but far superior to the old Li4ge furnace. A furnace with gas 
* Btrg, und HutL Ztg.^ 1878, p. 387. 
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Bring, on the piem ana principle, has been patented by the Actiengesell- 
schaft ftir Qlas-industrie, formerly Frederick Siemens’, of Dresdon.*^ 
It is not known whether this furnace has ever come into use. 

> T). R. Patent, No 80,917, September, 1889. 
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Dmihlc Furnaces 

As an example of the 
double furnace with grate 
fire, the furnace which was 
in use in the year 1871 at 
the works of the •Nouvelle 
Montagne, at Frayon, may 
be described. Its construc- 
tion is shown in Figs. 70 
to 72.1 In these V is the 
vertical wall which divides 
the furnace into two parts. 
It also serves to support the 
rear ends of the retorts, the 
front ends of which are 
caiTied by slabs in the same 
way as in the single fur- 
nace. Each half contains 
46 retorts in six tiers, the 
lower 5 rows consisting of 
8 retorts each, whilst the 
upper one contains only 6. 
F is the fire-place with flat 
grate, the arch of which 
carries the above mentioned 
dividing wall. Above the 
arch there is an air flue for 
the purpose of cooling the 
brick work. On either side 
of the arch there are slots t 
at given distances apart, 
through which the flame 
enters both divisions of the 
furnace. In each division 
there are two flues in 
the arch of the furnace, 
through which the products 
of combustion pass into 
stacks E, 23 feet in height. 


^ Masnart, Univern. den Minen, 1871, vol. xxix., p. 313; ZeiUchr. d. Ver, 
DnUach, Ing,^ vol. xvi., pp. 10, 165. 
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The residues after distillation are discharged through the flue I into 
the vault TV", and removed by means of the arched gallery R ruunmg 
beneath the grate. 


2 — Fiimnce^ Find hif both Grates and Gas 

Hauzeur has designed a peculiar form ot double turnace, tired 
both direct and by means of gas, which has been used with much 
advantage m Belgium and Spain.^ The retorts of one division are 
heated by means of direct firing. The products of combustion, mixed 
with unbumt gases, escape at the upper end of this division and 
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enter the second division, which they traverse 

L le ^coL divUion the unburnt gases are completely burnt by the 
• + 1 f • n nf lieated air The construction of this furnace, which 

^cond . purpose enters the second division by means 
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thence passes through the horiKtotal flttM D into the 
flue Jf in the central wall, escaping finally In a l^atod Stato through 
the horizontal apertures / into the upper part of the shaft R, where 
the unconsumed gases are completely burnt. 1%eim>dttcts of com- 
bustion descend in this sliaft, escaping through the flue 0 into the 
stack. On their way they give off a considerable portion of their 
heat to the brick work surrounding the air flues. 


3. — G(ts-fircil Fttryiacei 

These furnaces are heated entirely by means of producer gas. 
Tliey have the advantage, as compared with direct fired furnaces, 
of being independent oi the nature of the fuel, of consuming less 
fuel and fewer retorts, and oi* extracting more zinc. The diminished 
consumption of retorts depends not only upou the uniform tempera- 
ture obtained by mean^ of gas-bung, but also upou the existence of 
a slight plenum of pressure in the furnace, which prevents cold air 
from entering it, whereas in a grate-fired furnace cold air enters the 
latter whenever fresh fuel is charged. In consequence of these con- 
ditions, the retorts are less apt to crack, and last longer. For the 
same reason the output of zinc is higher, because less zinc vapours 
escape from the retorts into the furnace. The air used for burning 
the gas should, as a rule, be heated. Gas furnaces with and without 
regenerators are employed. Furnaces with regenerators, although 
they consume less fuel and attain higher temperatures than the 
others, have been employed in but few cases, because their first cost 
is high, because the regenerator flues are easily choked by zinc 
oxide, and therefore require constant cleaning, because the tempera- 
ture is not so easily kept at a uniform heat in the lofty Belgian 
furnaces as it is in the broad, hut low Silesian furnaces, and because 
in consequence thereof the retorts are apt to ho over-heated and zinc 
to ho lost on account of the difficulty experienced in condensing the 
zinc vapours. In the case of the low and broad Silesian furnaces 
with large muffles, gasfiring with regenerators has given good results. 

Gas-firtd Furmces withmit Regenerators 

These furnaces have been used at Moresnet, in Belgium, and in 
the United States of North America. At Moresnet, generators with 
step grates as well as Orobe-Ltirmann producers have been employed.^ 
The latter form of producer has given results inferior to those obtained 

1 AUgtm, HutUnhimle,!^. 213; Wochenachr, d. Ver, DetUnch. Ing., 1877, p. U. 
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by tbe ittp Tuo fiinMes were aiiited to form one blockiVat 

each funiMe wee pMerided with a separate producer. The two 
furnaces were not buftt directly back to ^ck, but a flue into which 
the produote of eovbustion escaped, separated them. The gases 
entered tbe flunace trom the producers, when they came into contact 
with hot w heated in the bottommost low of the retorts, and were 
thus burnt. They ascended iu the fuiuare and escaped from the 
upper end thereof into the above-mentioned vertical flue, through 
whirh they made their way du>«nwards towards the stack. The 
furnaces used in the neighbourhood of Lie'^o * are Bboodir than iJiey 


are high. They are built iu jwirs ba<-k to IJnek,tjU^h separate funiaee 
being provided with two gas-producers The air is heated ami is 
eaiisi'd to enter the furnace various pliwcs in order to heat the 
Litter IIS uniformly as possible Lohi an ' passes producer-gas tlirough 
■I senes of chambers leading one mio the other and filled with 
letmts. Into the first licuting chnmbi ■ he admits cold air, 
into the following ones hot air, ihe +eiupciature of which is gradually 
raised in proportion as the amount of combustible gases iu the 
current dimiuishes. The object of tliis arrangement is to attain as 
uniform a temperature as possible in all portions of tho furnace, so that 
loss of zinc, due to alternations of temperature, may he avoided. 

The construction of the older type of gas-fired furnace at the 


Mhtthiesen-Hegeler Zinc Works, at La Salle, is shown in Figs. 7C 
and 77. The furnaces are double furnaces into which the gases 
enter from above. The topmost tier contains 86 retorts. Tliese are 
i feet 3 inches long, 20 inches high, and 8 inches broad in the clear ; 
below these there are four tiers of *2 retorts each, the length and 
diameter of which decrease from above downwards. Each side of the 
double furnace accordingly contains 168 retorts, not counting those 
in the topmost tier. The gases are generated in producers provided 
with step grates, not shown in the illustration. Passing into the 
horizontal flues b, they enter the vertical flues c, on either side of the 
furnace, and escape through the upper end of the latter through the 
slots d into the upper portion of the furnace. They are here burnt 
by means of a blast of air which enters the furnace through the blast 
main 6f, a by the tubes / and the slots e. The flame thus pr^uced 
traverses the furnace from above downwards. The products of com- 
bustion escape through f into the flues fc, f. to the stack. A portion 
of the heat of these gases penetrates through the walk of the flue 6. 
and thus warms the gases entering the furnace. 


1 Wochenschr, d. Ver. Deittsch., Ing., No. 44. 
a ^erg. wnd Hutt, Ztg»t 1879, p. 171. 
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The modern furnaces at the above-named works ^ consist of 
a TOW of heating chambers communicating with each other, which 
are traversed in turn by the stream of gas, and are furnished with 
apertures for the introduction of hot air Each pair of furnaces 
have a back wall in common, and are united to form a block. There 
are 4 to G tiers of retorts in each furnace, each row consisting of 56 
to 72 letorts. Thp largest block of two furnaces contains 876 
retorts. 

A gas-fiied furnace has been designed by Thiim for the treatment 
in letorts of zinc ores rich m lead, which does not, howevei, seem to 
have proved satisfactory in piactice The retorts of these furnaces, 


G 
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shown in Fig. 78, lie at a steep angle and aie open at both ends ^ 
Theyaie charged fiom below and closed at their bottom end by a clay 
plug. The lead collects in the bottom portions of the tubes C, whilst 
the zinc vapours escape at the upper ends and are there condensed 
by means of suitable adapters. The gases generated in the pioducers 
enter the furnace through the flue V by means of a slot y, and 
here mix with air entering through the slots Jt,, the products of 

> R Valent, No 10,009, October 19, 1879 

® Stol/el, MHailiirgiVj p 799 , Berg und HxUt ^tg , 1875, p 1 
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combustion escape through the flue * into the flue t, whilst the air 
entering through the floes r is heated by the gases escaping througli 
tlie former 
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Gas-fired Furnaces with Begewrators 

The only furnaces of this kind that have up to the present come 
into use are furnaces on the Siemens principle. On account of the 
comparatively small diameter of the retorts, these furnaces produce 
higher temperatures than are required for the distillation of zinc, 
and have therefore only come into use in exceptional instances. The 
construction of a Belgian furnace on the Siemens principle is shown 
in Figs. 79 and 80. The furnace is double; r, 7 are the retorts, W, 
W the regenerators. The external pair of regenerators are gM 
regenerators, the inner ones air regenerators. The gas and air mix 
in the chambers P, the burning gases ascend one shaft, descend 
through the other, and traverse the regenerators lying below the 
latter on their way to the stack. After a certain interval-about 
half an hour— the direction of the air and gas currents is reversed. 


METALLUBOY 


The burning gasea then ascend in the second shaft and descend in 
the first, escaping to the stack through the second pair of legeneratois 
The gas current is reversed by the valve*w (Fig. 80 ), which alter- 
nstelv connects the entering gases witli one of the gas flues « and the 
.. — u ..... .^0 - ■ 

not shown in the 
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not shown in the 
figure, serves to le 
verse the air cunent 
as required. Such a 
furnace with 120 re- 
torts on either side, 10 
tiers of which are 
charged and 1 blank, 
IS m use at the works 
of the Illinois Zinc 
Company at Peiu, 
near La Salle. 


Mixing the Charge 


< As all eady stated 

^ ” the ores, w hen various 

kinds are on hand, are 
so combined that the 
impurities thereof 
unite to form com- 
pounds which shall 
neither melt nor form 
fusible compounds with 
the material of the re- 
torts at the tempera- 
i-ic so ture of distillation, 

whilst a moderately 

high output of metal shall result. Silicate of zinc needs no 
additions, because when finely ground it is reducible by coal 
alone. Blende, silicate of zinc, and zinc-hearing residues are 
charged in the form of fine powder; calamine, on the other hand, 
which is easily reducible, in coarser grains. According to their zinc 
contents, these oies are mixed with from 40 to 60 per cent, of their 
weight of lean coals, or small coke, or a mixture of equal portions of 
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coal and <»ke. Ga«y .hould be avoided, because some heat is 
absorbed m driving off the gaa« and because the gases evolved dilute 
tho zinc vapours, and thus make the condensation of zinc more 
difficult. Blende being more difficultly reducible than calamine, 
reiiuiies a larger admixture of coal. The ground matonals are 
either mixed in troughs, or else in pug mills, or by means of rollers, in 
\\bich last case, as in North America, the mixture is crushed a 
M cond time. The charge is slightly moistened to prevent its beinfr 
blown out from the retorts by the gases evolved at the commence- 
inent of distillation. Binon and Grandhls prefer to mix the charge 
with tar and press it into blocks befoie introducing it into the 
Tctorta. 


The Process of Distillation 

When a furnace is to be started, it is gently fired for some days 
with empty retorts ; afterwards the retorts are chargt^d, and the heat 
gradually increased. The first charg^ -s light, and are gradually 
increased, until at the end of 14 days the normal rate of working 
has been attained. The charges are introduced into the retorts, after 
the adapters have been removed, by means of a scoop shaped like a 
semi-cylinder attached to the end of a long rod. The retorts which 
are exposed to the greatest heat receive heavier charges than those 
less strongly heated. The latter are charged with easibly reducible 
substances such as zinc fume and zinc-bearing residues, as also with 
poor ores that sinter readily. In modern furnaces the average charge 
of a retort amounts to 63 lbs. of ore. After the retorts have been 
charged, the adapters with their supports are attached and the 
space between the adapter and retort is luted with clay. Some time 
after the retorts have been charged, a flame of burning carbon mon- 
oxide escapes from the adapters, which shows after some time the 
brilliant light of burning ainc vapours. As soon as this phenomenon 
is perceived, nozzles are attached to the adapters in order to avoid 
loss, of zinc. Although the adapters rapidly attain the necessary 
temperature, no fluid zinc condenses in them at first, zinc oxide 
being formed in consequence of the carbon dioxide and water 
vapour present in the gases. Moreover, on account of their great 
dilution the vapours of zinc do not condense to a liquid, but form 
fume. It is only after the above-named gases have disappeared that 
the zinc vapours begin to condense to liquid zinc. If the furnace works 
too hot, whereby the formation of considerable quantities of zinc fume 
in the nozzles is caused, due to imperfect condensation of vapours in 
the adapters, a few smaU holes are made in the clay luting. The zinc 
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condensed in the adapters is removed either several times during the 
process, or only once after its completion. In this case the nozzles 
are removed from the adapters and the zinc is drawn by means of a 
rake out of the adapters into ladles held beneath them, from which 
it is cast in iron moulds into slabs weighing 40 to 44 lbs., the surface 
of the zinc being first skimmed. The time of distillation depends 
upon the size of the retorts and of the furnaces, upon the position of 
the retorts in the latter, and also upon the reducibility of the charge, 
and averages between 12 and 24 hours. After its conclusion, the 
adapters are removed and the residues remaining in the retorts are 
drawn out by means of suitable rakes. After any accretions have 
been removed, the retorts are charged again. Damaged retorts are 
changed after the .conclusion of the distillation. The time occupied 
in charging, clearing the retorts, repairing the latter, and replacing 
damaged retorts, depends upon the size of the furnace and the 
number of retorts it contains. 

The same conditions control the number of men required at the 
furnace. For modern Belgian furnaces, the retorts of which contain 
on an average 63 lbs. of ore, one man is reckoned to every 14 retorts 
per 24 hours. The extraction of 1 ton of zinc from ores containing 
50 per cent, of metal requires 5*8 men per 24 hours. The charge of 
a furnace depends upon the number of retorts in it, and varies be- 
tween 8 cwts. and several tons of ore. The consumption of fuel 
varies with the quality of the coal and the method of firing, between 
1 i and 2 tons for each ton of ore. The durability of the retorts de- 
pends upon the quality of the materials employed and upon the 
method of manufacture. Modern retorts made by hydraulic pressure 
last at present upon an average 40 days. The loss of zinc, which was 
formerly up to 27 per cent, of the contents of the ore, varies with 
modern furnaces between 10 and 15 per cept. 

EMimjilen of Zinc Extraction in Retort FumaccH 

The commercial results attained with modern furnaces fired by 
gas are far more favourable than in the case of the older furnaces. 
For the production of 1 ton of zinc from ores containing 60 per 
cent, of metal, 3 to 4 tons of coal for heating and reduction, and 
4 cwts. of clay are required, 2*5 per cent, of the retorts being de- 
stroyed daily. With the oldest furnaces 7 to 8 tons of coals were 
consumed for each ton of zinc. 

The double furnaces at the works of the Yieille Montagne Com- 
pany at Angleur, contain 100 retorts on either side, a block of 
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fumades contiuning 400 retorts. They are fired by meaus of gas and 
hot aw. Each retort receives a charge of 66 lbs. of ore and 26 5 lbs. 
of coal, and produces in 24 hours from 2G to SS Ihs. of 7 Anc, together 
with a certain quantity of zinc fume. ¥or the extraction of 1 ton of 
zinc 3*5 to 4*5 tons of coal are consumed for fuel and reduction. The 
loss of metal amounts to 15 per cent. ; the retorts last from a fort- 
night to four months, according to their position in the furnace and 
the care used in their manufacture. A furnace lasts two to three 
years.^ ^ 

Of the older types of furnace, the Liege furnace with 70 retorts 
fired by means of a grate, and the grate -fired double furnaces with 
92 retorts of the Nouvelle Moutagne, at Prayon, may he mentioned, 
the results quoted having been obtained in the seventies. The 
Li5ge furnace was 5 feet deep, 8 feet 6 inches broad, and 9 feet 10 
inches high, and contained 70 retorts each 3 feet 3 inches long, with 
9A inches outside, and 71 inch<‘S inside diameter, and treated in 24 
hours 26 cwts. of charge with a consinnpLon of 14 cwts. of coal for 
reduction and 2 tons of coal for fuel, the ores containing 47 to 48 per 
cent, of zinc. The output of a furnace per 24 hours amounted to 9J 
to 9 J cwts. of zinc ; the loss of zinc, including that left in the resi- 
dues, amounted to 18 per cent. Residues containing more than 
6 per cent, of zinc were concentrated by dressing, and then treated 
cither in the upper retorts of a Belgian furnace for the extraction of 
zinc, or in a reverberatory furnace for tho production of zinc white. 
The already desciibed double furnace of the Nouvelle Montagne 
Oompany, at Prayon, with 92 letorts, was charged with 8 cwts. of 
ore (calamine and blende) containing 40-32 per cent, of zinc, 160 lbs. 
of rich residues from the zinc works, such as zinc fume and skim** 
miugs, and 366 lbs. of coal for the reduction, during the day shift. 
On the night shift the furnace worked hotter and was charged with 
10 cwts. of ore. The charge was distributed as follows : — 


Hm. uf Oro. ll)h. of C tMil 

Retorts of the bottom tier ■ • • • 

■Retorts of the third tier f t ” 

Retorts of the fourth tier ■ * * 

Retorts of the sixth tier 


11m. of ItoHiduof). 


6i 

11 


Charging the retorts occupied SJ hours. The residues left after 
distillation in the upper retorts contained on an average 9-16 per 
cent of zinc, those in the middle tiers 4-67 per cent, of zinc, and 
those in the lower tiers 2-28 per cent. The loss of zinc amounted to 
11-28 per cent. The retorts in the topmost row lasted for 90 days, 

• Bun. de la, Soc. de rimlustrU Uiu., 1888, p. 605. • Mauart, loe. rit. 
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those in the bottom row only for 6 days. The furnace campaign 
lasted 150 to 180 days. As will be seen, these older retort furnaces 
fired by means of grates, were markedly inferior to the modem 
furnace both as regards their durability and capacity, and have been 
to a great extent replaced by the latter. The larger furnaces, fired by 
gas, should therefore be preferred as a rule to the smaller grate-fired 
furnaces. 

The zinc works in the Eastern States of North America (Bergen 
Port, Passaic Works, Newark and Bethlehem) employ Belgian fur- 
naces with Wetherill grates burning anthracite.^ The following is an 
account of the process as practised there towards the end of the 
seventies. At the Bergen Port Zinc Works, New Jersey, where 
calcined blende containing 26 per cent, of oxide of iron was treated, 
the furnace contained 70 retorts. Each furnace could put through 
3,175 pounds of calcined blende with 1,900 pounds of anthracite for 
reduction, in 24 hours, with a consumption of 21 tons of anthracite 
for fuel. The loss of zinc varied from 24 to 26 per cent. The two 
topmost tiers of retorts were only charged once in 24 hours, the five 
lower tiers twice. The condensed zinc was removed six times in 24 
hours from the adapters. The consumption of coal per ton of zinc 
amounted to 5*5 tons for heating and 1*9 for reduction, or altogether 
7*4 tons. Every 24 hours five retorts were destroyed per furnace, or 
7*1 per cent. The reason of the comparatively great consumption of 
fuel and of retorts, together with the high loss of zinc, was caused by 
the large percentage of iron in the charge. The furnace campaigns 
lasted about a year. 

At the Passaic Zinc Works, in Jersey City, the furnaces also 
contain 70 retorts each. The charge for the furnace consists of 
27 cwts. of a mixture of willemite and calamine. The three lower 
rows are charged twice in 24 hours, the remaining ones only once. 
In 24 hours 10 cwts. of zinc are produced, with a consumption of 
2^ tons of coal for fuel. The extraction of zinc amounts to 80 per 
cent, of the contents of the ore. One ton of zinc requires 4*5 tons of 
coal for fuel and 1*3 tons for reduction, or a total of 5*8 tons. In 24 
hours 6*4 per cent, of the number of retorts in the furnace was 
destroyed. A furnace campaign lasts two years. 

At the Lehigh Zinc Works, near Bethlehem, Pennsylvania, the 
furnaces contain 56 retorts, and hold a charge of one ton of ore, con- 
sisting of a mixture of calamine and blende. The topmost row of 
retorts, containing zinc fume and skimmings, is only charged once in 
24 hours, the six lower rows twice. For one ton of ore 1*8 tons 
* Sitecker, Jahrh, d. K, K, BirgaL, 1879, p. 282, 
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of coal are coDsumed as fuel* The production of zinc amounts 
to 73*5 per cent. For each ton of zinc 4*6 tons of coal as fuel and 1*7 
tons of coal for reduction, or a total of 6*2 tons of coal are required ; 
3*7 per cent, of retorts are destroyed daily. The furnace campaigns 
last for 16 months.^ 

At the Bertha Works, near Pulaski in the State of Virginia,® 
which produce zinc well known for its purity and freedom from lead 
(Zri 99*981 per cent., Fe 0*019 per cent.), the ore treated being cala- 
mine free from lead, there are 10 modified Belgian fiimabes bred by 
grates, each of which contains 140 retorts, of oval cross-section, 
having a length of 4 feet, the larger diameter being 10 inclios and 
the smaller being 8 inches in the clear. Long-flamed Pocahontas 
coal is used as fuel, anthracitic coal for the jiurpose of reduction. 
The charge of a furnace consists of 4 25 tons of calcined ore and 
3 tons of coal. The distillation occupies 24 hours, the output of zinc 
being 80 per cent. Five men work a furnace in 24-hour shifts. 

At the works of the Matthiesen and Hegeler Manufacturing 
Company at La Salle,® there were towards the end of the seventies 
two forms of gas-fired furnaces, namely, small double furnaces with 
136 retorts, and a large double furnace with 408 retorts. The 
producers were provided with oblique grates built of fire-brick. The 
bricks were supported upon cast-iron bearers, the necessary space for 
the admission of air being left between them. This arrangement is 
necessitated by the fact that the only available coal is very apt to clinker. 
There were five tiers of retorts in all the furnaces. The uppermost 
row consisted of the retorts with rectangular cross-section described on 
page 105, which take a charge two or three times as great as that of 
the regular retorts. The furnaces were divided into sections, which 
contain 4 tiers of 7 cylindrical retorts, and 1 row of 6 prismatic retorts 
each. The smaller furnaces have two of these divisions on either side, 
the larger six ; the topmost row against which the flame strikes was 
first charged with blende, the second and third with calamine, and 
the lowest with zinc fume and residues rich in zinc. The output of 
the large double furnaces amounts to 5 to 6 tons of zinc per 24 hours. 
The loss of zinc is 18 per cent. ; the destruction of retorts amounts to 
25 per cent. At present the largest double furnace contains 876 
retorts. 

The gas-fired furnaces of the Missouri Zinc Company, in St. 
Louis,* contain 160 retorts each. They are charged with calcined 
silicate of zinc, the weight of which in the raw state amounts to 

^ Strecker, loc, cit, * JBng* and Min, Joum.^ 1893, vol. Ivi., No. 22. 

s Streoker, loc. cU. * Strecker, loe. cU. 
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4^ tons. The amount of coal employed for the reduction of this 
charge is 31*5 cwt.^8 tons of coal being consumed as fuel. The output 
of zinc is equal to 70'71 per cent. For each ton of zinc 4'4 tons of 
coal are us^ as fuel. The destruction of retorts is considerably less 
than it is in direct-fired furnaces. 

II.— Zinc Distillation in Muffles, or the Silesian Process 

This form of distillation, as already stated, is carried out in 
reverberatory furnaces in which muffles arc arn)tig||dL The gaseous 
zinc thus produced is condensed in adajiters of various forms attached 
to the muffles. 

Mvjffiui 

The muffles, as previously stated, generally assume the shape of 
prismatic boxes, with an arched top. In some instances they con- 
sist of oblong boxes flat on top, witli 
rounded edges. The rear side is closed 
whilst the front remains open. During 
the distillation the lower half of the 
latter is closed by means of a fireclay 
slab, whilst the upper portion is closed by 
the end of the adapter, which is luted on 
tightly with clay. The front end of the 
adapter rests upon a step supported on 
either side by projections from the longer 
wails of the muffle. If the front end of 
the adapter is tube-shaped, the upper 
half of the muffle must be closed by means of a slab of clay, provided 
with a short cylinder into which the end of the adapter fits. The 
front end of the muffle and the upper plate with its short cylinder 
are shown in Figs. 81 to 83. As has been stated above, the muffles 
are generally 26 inches high in the clear, 6 to 8 inches wide, and 28 
inches to 7 feet long. If the entire bottom of the muffle is supported, 
its length may be as much as 7 feet. If, however, it is only sup- 
ported at the front and back ends, its length must not exceed 4 feet. 
The bottom and sides of the larger muffles are made thicker at the 
back than in front. In Upper Silesia, for instance,^ the thickness 
of the walls increase from the front to the rear portion of the muffle 
from 0*8 to 1*2 inches in the arch, and the thickness of the bottom 

^ Georgi, Btrg ^ wad Hvtt , Ztg ., 1877, p. 72. 
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from 0*8 to 2*5 inches. The thickness of the smaller muffles made by 
hydraulic machinery in the Rhine Provinces and Westphalia only 
averages about 1 inch. Long muffles, up to 5 feet 6 inches in length, 
are exceptionally made with a bottom as much as 2 inches thick, in 
order to render them more durable, as, for example, at Birkengang, 
near Stolberg. The material from which the muffles are manu- 
factured is a mixture of raw and burnt day, the latter of which may 
be replaced in part by fragments of muffles. The composition of 
suitable varieties of clay has already been given on page 91. Tho 
proportion in which the various constituents are mixed depends upon 
the proportion of silica and alumina contained in the material avail- 
able. For example, at the Hambom Works 60 parts of burnt Belgian 
clay, 35 parts of raw Belgian clay and 5 parts of coke are used. At 
the Birkengang Works two-thirds of burnt and one-third of raw 
Belgian clay; at the Munsterbusch Works, near Stolberg, 60 per cent, 
of burnt and 40 per cent, of raw clay, together with coke dust; 
at the Freiberg Works 1 jMurt of raw and 2 parts of burnt clay ; 
at the works near Dortmund 2 parts of burnt, 1 part of raw clay, 
and one-tenth of finely ground coke; at the Upper Silesian Works 55 
to 65 per cent, of burnt clay and 35 to 45 per cent, of raw clay. The 
fireclay used in Upper Silesia is obtained from Saarau, in Upper 
Silesia, from Briesen in Moravia, and from Szczakowa in Galicia. A 
clay shale from Ncurode is also used. The crushing, mixing, and 
kneading of the above-named materials is performed in the same 
way as in the manufacture of retorts for the Belgian furnaces. Burnt 
clay must be crushed down to a size not exceeding 0*3 to 0*4 inch. 

Muffles arc manufactured either by hand or by means of machinery. 
In Upper Silesia, where only big muffles axe employed, these are 
made by hand. In Belgium, the Rhine Provinces, and Westphalia, 
on the other hand, where small muffles only are in use, machinery is 
used for their manufacture. When made by hand, muffles are made 
either vertically or horizontally. When vertical muffle moulds are 
employed, the latter generally consist of three sections fastened 
together by means of hooks and eye bolts. As in the manufacture 
of retorts, the back portion of the muffle is first shaped in the bottom 
portion of the mould, the second section is then attached to the first 
and the middle of the muffle is shaped in it, and then the front 
section is attached to the former portion, and the rest of the muffle 
moulded in it. Finally, the projections to carry the step at the front 
portion of the muffle are attached. The various slabs of clay are 
fastened to each other as in the case of the retorts, by scoring the 
portions in contact by means of a small comb. When the muffles 
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are made horizontally, as in Upper Silesia,^ the bottom is first made 
by cutting out a hollow in a prismatic piece of clay of the size of the 
bottom of the mufiSe, which is then placed in the lower portion of 
the muffle mould. Slabs of clay of the height of a segment of the 
mould are then introduced and united, the diagonally cut end of the 
slab being scored, moistened with water, and then pressed against 
the correspondingly cut end of the next piece The slabs of clay are 
then pressed against the corresponding portion of the mould and 



beaten down with an iron beater. This process is continued until 
the muffle is complete. Generally four or five muffles are commenced 
simultaneously ; the advantage obtained thereby is that when the 
work is completed the muffle is already dry enough to admit of the 
mould being removed. 

In Belgium, the Rhine Provinces and Westphalia, muffles are 
made by hydraulic machinery In the same way as the retorts foi 
the Belgian furnaces, the muffles being dried standing on end for a 

^ Georgi, he, cU. 
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certain time, up to one month, in drying chambers heated to be- 
tween 30° and 33° C., then glazed if desired, and finally kept until 
required for use (up to a period of 12 months) in drying chambers 
at a temperature of 35° C. 

Muffles must be introduced red-hot into the furnace. They 
are therefore previously heated by the waste heat of the distilla- 
tion furnace, or in special reverberatory kilns provided with grate 
fires. The construction of such a furnace is shown in Figs. 84 to 
87. Above the grate there is an arch pierced with twelve openings, 
through which the flame enters the heating chamber ; the latter is 
provided with a door lined with firebrick, which can be raised or 
lowered by means of counterpoises. At the Paul Works, near Rosdzin, 
in Upper Silesia, such a furnace takes 12 to 14 muffles at a time.. 
Their heating or annealing lasts 12 hours, o cwts. of coals being 
consumed. A muffle lasts SO to 40 days. 

Condensers or Adapters 

These are of various shapes. In the older Silesian furniwes they 
consisted of a bent clay pipe composed of several pieces which com- 
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municated with a chamber in which the zinc, condensed in the pipe, 
accumulated. In the newer furnaces they are given the form of 
cylindrical tubes, or of cylindrical tubes bellied below, or of prismatic 
boxes with an arched top. The arrangement of the adapter for the 
old Silesian furnace, which is now no longer employed, is shown in 
Figs. 88 and 89. In the former, h is the chamber in which the fluid 
xinc solidifies ; in the latter figure a is the upper portion of the adapter 
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made of clay, which rests upon the step of the muffle. It has an 
aperture at d which can be closed by a tile; the muffle can be 
charged through this aperture by removing the latter; & is a tube 
made of cast-iron, c one of sheet-iron, the latter entering into the 
collecting chamber. The zinc condenses in the knee-shaped tube, 
and flows through the vertical portion into the chamber. The employ- 
ment of this adapter makes it necessary to re-melt the solidified zinc, 





ill order to cast it into moulds. As above mentioned, it has been 
replaced by other forms of adapters. Adapters which have the 
shape of tubes bellied underneath are shown in Figs. 90 and 91. 
The fluid zinc collects in the bellied portion and is raked out from it 
from time to time ; a sheet-iron cone or nozzle is attached to its front 
end. Inclined cylindrical tubes, as shown in Fig. 92, are also used 
as adapters. In this case their front end is closed with a tile, or with 
an iron plate clayed over, and having a hole thiough the centre. 
The zinc that collects in this adapter is allowed to run into an 

iron ladle held in front of it, by 
removing or loosening the plate ; for 
this purpose the clay luting which 
connects the lower portion of the 
plate to the adapter is gradually 
loosened. The same method of 
closing is used for adapters made in 
the shape of prismatic boxes. The 
gases escape through a shoit tube projecting from the front slab 
into a nozzle. In order to condense the zinc vapours more com- 
pletely, to collect zinc fume, and to avoid the injurious effects of the 
gases and vapours escaping from the adapters, these have received 
important improvements in recent times in Upper Silesia. Of these 
new adapters, the most important are those of Kleemann and of 
Dagner. 

The Kleemann adapter is shown in Fig. 93,^ and has the shape 
of an inclined cylinder, or of a parallelopipedon, or of a prismatic 
box with arched roof 3 feet 3 inches long, to the front portion of 
* T). R. ralentfl, Nos. 8,121, 12,821, 28,596; additional Patent, 7,411. 



Fig 02 


ZINC 


13& 


the roof of which a flange 4 inches high is attached. Above this 
is a cast-iron grating upon which a layer of coke is maintained at a 
red heat. The back portion of the adapter is secured to the 
muffle; the front, open portion is closed with an iron plate coveied 
with clay and luted as tightly as possible to the adapter. There is 
an opening in the centre of the plate, which can be kept closed by 
means of a clay plug. The whole adapter lies inside the recess of the 
furnace. The gases, consisting mainly of carbon monoxide and of the 
metallic particles which are not deposited in the receiver, are forced 
to pass through the grating and the layer of glowing coal. A portion 
of the metallic constituents of the vapour is retained in the layer of 
coke, whilst the carbonic oxide is heated to the point of combustion, 
and is burnt by a current of air. Any 
zinc oxide contained in the gases is 
not reduced by the bed of coke. As 
the layer of coke soon becomes stopped 
up, it requires frequent stirring, and 
must be renewed from time to time. 

In consequence of the layer of glowing 
fuel upon the grate, no oxygen from 
the air can enter the adapter. The 
burnt gases and the metallic particles 
not retained in the bed of coke pass 
through an opening in the arch of 
the recess into a flue running above 
the furnace, or into a main flue, whence they are conducted into 
an apparatus for the precipitation of the metallic particles, and 
Anally escape into the stack. In the above Agures the burnt gases 
escape from the adapter v, through the grating at a, by the open- 
ing 0 and the flues b and c, into the main flue D, and from the latter 
into the stack. The zinc is tapped out from the bottom end of the 
adapter. These adaptors are at present in use at the Silesian 
Works, near Lipine. The gases and vapours escape through the 
layer of burning fuel into a main longitudinal flue, thence into an 
underground dust chamber, and Anally to the stack. No deposit 
of oxides may show upon the coping of the stack, as this would 
be a sign that the flue dust has not been completely collected. 
There is a small sight-hole at the front of the adapter, which can be 
kept closed by clay. If any flame escapes from this sight-hole, it 
shows that the passage of the vapours through the layer of fuel has 
been hindered by the deposition of particles of metal and oxides in 
the latter, which obstacles must then be removed or the bed of fuel 
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he renewed. This adapter, which has rendered good service at the 
Silesian Works, has been replaced in other works in Upper Silesia, 
such as the Wilhelmina and Paul Works, by the Dagner adapter. 

The Dagner adapter ^ serves to condense the zinc vapours from a 
pair of adjacent muf&es, and consists of a series of inclined boxes 
which lie beside or above each other, in which the gi eater portion 
of the metallic constituents of the vapour is deposited. The arrange- 
ment of the adapter is shown in Figs. 04 to 90 ; in these a, a are the 
two adapters fitted to the pair of muffles m, lying side by side The 
gases and zinc vapours escape from latcial openings in these adapters 
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into a chamber h lying between them. Through an opening in the 
uppei part of the latter they escape into a prismatic box c, 24 inches 
long, traverse this lengthways and then rise up into another prismatic 
box d of the same length, which they also traverse longitudinally, and 
then escape through an opening provided with a short branch into 
the flue K. When they escape through the topmost box, these gases 
are burnt by a current of air, so that their products of combustion, 
together with any zinc vapours that have escaped combustion, enter 
the flue K, The front ends of these adapters are closed by plates of 
sheet iron, which are covered with clay on either side, and are luted 
to the adapters. In the middle of each plate there is a small round 
hole, which can be closed at will by a clay plug. Through these 


1 D. R. Patent, No. 8,968. 
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holes iron rods can be introduced into each separate portion of the 
adapters in order to remove deposits of zinc oxide from within them. 
The separate recesses are closed in front by plates of sheet-iron. 

The zinc collects in the lower adapter in the fluid condition ; iu the 
upper adapters zinc oxide and zinc fume are deposited. The zinc is 
tapped off from the front end of the adapters. From the other adapters 
the zinc fume and oxide are raked out after the front plates have been 
removed. On account of the long distance which the gases have to 
traverse through these adapters and boxes, the greatef portion of 
their metallic constituents is deposited. The remainder, together with 
any zinc oxide formed by the combustion of zinc vapours at the 
outlet, passes into dust chambers connected with the adapters. The 
division h of the adapter is 6 inches brood, and 8 inches high ; the 
division c is inches broad and 4 inches high ; the division r/ is 10 
inches broad, and 10 inches high. The burnt gases and vapours after 
passing through the main flues, dust chambers, and dust towers, 
finally pass into a flue with a powerful draught. At the Paul and 
Wilhelmina Works, near Schoppinitz, the gases escape through hori- 
zontal pipes. The recess is here closed in front by a temporary wall, 
in the lower portion of which there is a small opening. Through the 
latter the air required for burning the gases enters the recess and 
directs the flame towards the collecting flues. Through these flues the 
gases pass into a system of condensing chambers. These chambers 
of which there are 7, having a total length of 360 feet, are provided 
with vertical walls, by which the distance to be traversed by the cur- 
rent is prolonged and the surface exposed to it increased. In the last 
chamber any remaining solid particles, carried by the current of gas, 
are removed by means of a water spray, after which the gases 
escape into the stack. The water flowing through this last chamber 
is run on to a coke filter, which retains the solid particles, the water 
running clear from the last Alter. This arrangement has given satis- 
factory results. The composition of the zinc fume collected in the 
condensing chambers of the Wilhelmina Works when the Dagner 
adapter is used, is the following : — 


ZnO . . . . 
CdO .... 
PbO .... 

SO3 .... 
Mn8 04 . . . 

Fe 208 and residue 


88*20 per cent. 
1-46 
4*44 
412 
0*05 
1*50 


99*77 



188 


METALLURGY 


• Adapters are composed of ordinaiy potter’s clay with the 
addition of a certain quantity of burnt clay or of fragments of muffles, 
or at times of the distillation residues from the zinc retorts, or of coke 
dust. They are made by hand, slabs of clay of tlie requisite length 
being laid upon wooden cores of the shape of the adapter, and pressed 
down upon them. As soon as the mass has attained a sufficient degree of 
consistency, the core is withdrawn. When a bellied adapter has to be 
made, as is shown in Fig. 90, the core consists of three pieces, a, h 
and c, the middle wedge-shaped portion of which, 6, is provided with 
a handle, so that it can be drawn out. The slab of clay is laid upon 
the core and beaten down by hand. As soon as it has attained a 
sufficient consistency, the wedge-shaped portion of the core is with- 
^ drawn ; the portion a then drops down, and can be drawn out, and 
the portion c is lastly lifted out from the adapter. These adapters are 
either dried upon the roof of the distillation furnace and used raw, or 
else are burnt after having been dried by the waste heat of the 
distillation furnace, or in special annealing kilns. Adapters last from 
two to three weeks. 

In order to protect the workmen against the gases and vapours 
which escape when the muffles are being cleared out and charged, 
as also against the zinc vapours which escape during distillation, 
through the sight-holes and through cracks in the adapters, an 
arrangement has been introduced by Stempelmann at the Hohen- 
lohe Works, near Kattowitz, with good results. It is therefore 
combined with the Dagnor adapter, the arrangement being shown 
in Figs. 100 to 102.' Above the uppermost adapter a sheet- 
iron plate a 6 is so secured to the biickstaves of the furnace as to 
form a flue, the walls of which consist of the above sheet-iron, 
the true furnace wall c and of a pair of buckstaves s. At the 
upper end there is a lateral aperture i through which the gases 
and vapours ascending can escape into the dust chamber K. 
This flue can be prolonged downwards by means of a sliding sheet of 
iron provided with a handle and suspended by means of a chain with 
a counterpoise. It is guided by means of iron castings / riveted to 
the sheet iron a h. When the muffle is to be cleared out, the sliding 
sheet is lowered so far that the gases and vapours escaping from the 
former rise through the opening h into the prolongation of the flue, 
and thence escape through the opening i into the dust chamber K. 
When the muffle is being charged, the sheet-iron must be lifted up 
so far that the front end of the adapter F, through which charging 
takes place, stands open. The gases and vapours then also escape 
* Saeger, Hyginw dtr HiUtevarheiter, Jena, 1895. 
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into the above-named flue, and And their way through i into the 
dust chamber. 

Wherever the adapters of Eleemann and Dagner are not in use, 
nozzles or condensers of sheet-iron are often attached to the front 
end of the adapters in order to collect the metallic portion of the 
vapours and to prevent injury by the escaping gases. The metallic 
portion of the vapours condense and thus form a mixture of pulveru- 
lent zinc and zinc oxide, known as zinc fume or ** poussitye!* These 
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Fig. 101. 



nozzles may communicate with draft flues to remove the poisonous 
carbonic oxide ; otherwise this gas escapes through the front end of the 
former. Such nozzles are at present universally used for Belgian and 
Belgo-Silesian furnaces. The most improved forms of these, formerly 
used in Upper Silesia, and still at present used to some extent, are 
the twin cylindrical nozzles of Rocha, the cylinder of Bugdoll, the 
vertical nozzle with condensing chamber, and the respective apparatus 
of Palm, of Hawel, of Mielohen and of Steger. 
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Fig. 108 shows Recha's nozzle. It consists of two cylinders of 
sheet-iron A connected with each other. The sight hole of the 
cylinder A is closed by an automatic valve % \ the cylinder B has a 
cap y. The gases which are not combustible escape through the 
latter cylinder by means of the tube and can be conducted away by 
means of a hood attached to the front side of the furnace into the 
flues or above the level of the furnace top.^ 

Fig. 104 shows the nozzle of Bugdoll.^ It consists of a cylinder 
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closed in front ; by means of a valve &, the particles of fume deposited 
in the cylinder can be removed. The gases and vapours escape 
through the branch v ; the latter is closed by a gas filter of fine 
cotton in which all solid parts of the gases and vapours are retained. 

Fig. 105 shows the vertical nozzle with condensing chamber; h is 
the vertical nozzle connected on one side with the adapter v, by 
means of the tube on the other side with the condensing chamber 
h by means of the tube b. Through the latter, gases and vapours 
that have not been condensed escape by the tube I into the mteriol* of 
1 1). R. Patent, No. 12,768. » D. R. Patent, No. 11,646. 
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the distillation furnace, where they are burnt. By means of two 
apertures provided with sliding covers the nozzle h can be cleared 
out. 

The apparatus of Palm^ is bhown in Fig. 106; the gases anJ 
vapours escaping through the adapter v pass through the tube 
system r, r, into the collecting tank filled with water, and m escaping 
impinge upon the surface of the water. From this tank they pass 
through several othei washing tanks, and then escape into the fireplace 
of the furnace 

In Hawel’s arrangement, shown in Fig. 107 a chamber A is 
provided over every pair of adapters, the former being connected with 



a gas delivery tube n. The nozzle is connected both with the chamber 
and with the gas tube by means of short pipes. The vapours pass first 
into the chamber, then into the nozzle, and finally into the gas fiue. 
The greater portion of the zinc escaping through the adapter is 
condensed in the chamber A*, and Hows back into the adapter z 
over the inclined floor of the former. By means of a pipe recently 
placed by Hawel between the adapter and the chamber, better 
results have been obtained as regards the condensation of zinc 
vapours. 

The nozzle of Mielchen^ used at the Hugo Works, in Upper 
Silesia, is shown in Figs. 108 to 110.^ There are two adapters d 

^ D. R. Patent, No. 9,6Y2. > D. R. Patent, Nos. 67,385 and 61,740. 

t ^ D. R. Patent, No. 18,636 * Saeger, op. eit. 
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Fig. 110, from ivhioh the gases and vapours escape through two 
tubes of sheet-iron c into a sheet-iron cylinder e, provided with hand 
holes /, and pass by means of the perforated sheets g into the tube 
h, upon which the nozzle proper is supported. The latter consists 
of an inner cylinder of sheet iron k, resting upon a perforated iron 
plate the upper end being also perforated, and of an iron cylinder Z 
which slips over the former, and which is in its turn surrounded with 
nine spiral rings made of sheet-iron, which are tightly riveted to the 



outer wall. The gases and vapours escape through the perforated 
cover of the inner cylinder into the annular aperture between the inner 
and the outer one, through the lower end of this space pass at the 
lower end of the latter into the space between the inner cylinder and 
the nozzle, and then take the spiral route indicated by the arrows, 
escaping finally through the openings W in the cover of the nozzle ; 
the appaiatus is provided with the handles Z. On account of the long 
route traversed around the outer cylinder, the deposition of the metallic 
portions of the gases is almost complete. 

Steger’s nozzle, which is used at the Lazy Works, near Beuthen 
is shown in Fig. 111. The gases and vapours escape from the 
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adapter, first into the lower cylinder V, then traverse the sheet- 
iron tubes a^, and which form the nozzle proper, and escape at 
the upper end of the latter through the tube d into a Hue, iu which 
they are burnt and led away. In the tube discs of iron are 
arranged, by which the gases are forced to ascend close to the outside 
circumference of the tube. The zigzag arrangement; of the tubes 
forces the gases to traverse a considerable distance, and at^tlie same 
time alters their direction repeatedly. The gas is also exposed to 
the contact of a very extensive surface, and is thus greatly cooled on 
account of the material of wlucli tic i.ubcs consist. The cooling 
effect is increased by tLc action of the 


discs 5, which force the gas current against 
the wall of the tube In consec^uencc 
of these arrangements, the current of gas 
is cooled far below its temperature of ig- 
nition. so that even should air find it*« 
way into the nozzles, explosions are nut 
to be feared. It is said that the amount 
of zinc fume obtained in this nozzle is 
very considerable, and greatly exceeds 
that obtained in the others. Thc‘ method 
of arranging this nozzle in Belgo-Silesian 
furnaces, with several rows of muffles 
one above the other, is shown in Fig. 112. 
The gases escaping from the nozzle pass 
through the openings i into the hood A, 
which directs them outwards. As they 



escape from the openings they are 

set fire to and burnt. This nozzle can also be readily applied 


to Belgian furnaces. 


Fiirmices for DiMlation 

The various forms of furnaces are ; furnaces with grates, in which 
the fiatne rises up, surrounds the muffles laterally, and then escapes, 
partly through openings in the arch of the furnace, partly through 
lateral apertures, and furnaces fired by grates or fired by gas, in which 
the flame rises up to the arch and then returns surrounding and 
striking the muffles from above, and escaping at the bottom of the 
furnaces. The furnaces of the former type are known as the old 
Silesian furnaces, those of the latter type as the Belgo-Silesian 
furnaces. The Belgo-Silesian furnaces approximate in their con- 
struction to the Belgian furnaces when the muffles are arranged in 
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several tiers one above the other, and when the separate miifHes are 
only supported at their extremities in the furnaces like the retorts 
of the Belgian furnaec«!. These are used in Belgium, the Rhine 
Provinces, and Westphalia The old Silesian furnaces were formerly 
used universally in Upper Silesia, the short-flaming coal, which is 
there obtainable, being the fuel employed. At present, however, they 
have everywhere been displaced by the Belgo-Silesian furnaces. The 
latter, which are suited for coals giving long flames, and for various 
forms of gas-flring, economise heat to a far greater extent than do 
the old Silesian furnaces, which nowadays scarcely possess more than 
historical value. 

Old Silestaii Fiuvnccs 


These are furnaces with a long narrow fire-chamber. In their 
longitudinal axis a deep grate is built, upon either long side of which 

the muffles rest upon 

jh 



flame 

grate 


supports. The 
rising from the 
surrounds the muffles 
laterally, and then es- 
capes partly through late 
ral openings in the short 
side of the furnace into 
the chambeis for cal- 
cining calamine, for an- 
nealing muffles, and for 
re-meltmg the zinc, and 
partly escapes through a row of flues in the arch of the furnace,^ 
eithei into a main flue leading into a large stack or directly 
into low stacks. The arrangement of such a furnace is shown in 
Figs. 113 to 115, in which h is the grate ; its length is 5 feet 5 inches, 
and its depth 2 feet 6 inches below the floor of the furnace. It is 
fired by means of a fire door shown in Fig. 113. Along the two- 
long sides of the grate, or upon their prolongation, 10 muffles are 
arranged. The roof of the furnace is built of fireclay or of firebricks. 
Each pan of muffles opens in front into recesses 29 inches high and 
26 inches wide, which are known as chapels, these being separated 
from each other by party walls, Z, 4 feet 4 inches long and 4 inches 
thick. The adapteis of the muffles lie in these recesses. These 
furnaces, each of which holds 20 muffles, are built in pairs. After 
the flame has heated the muffles from the side, it escapes through 
lateral openings in the shorter walls of the furnace, partly into 
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chambers for calcining calamine, partly into chambers for annealing 
muffles, and for re-melting the zinc, and then from these into 
low stacks ; are the calcining chambers built between a pair of 
neighbouring furnaces, e is the chamber for annealing the muffles, 
and d the chamber for re-melting the zinc ; h is the chamber into 
which the adapter opens, and in which the zinc collects in the solid 
form. The front part of this chamber is closed by means of a door 
during the course of the operation ; g, g are the stacks. The bottom 
of the muffles in the case of these furnaces lies upon a solid support, 
and is therefore not struck by the flame. 

Furnaces of this kind have been used in England and fired by 
means of highly bituminous coals. In the arch over tlie front 
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portion of the muffles there are two rows ot holes, whence the 
products of combustion escape into horizontal flues leading to the 
stack, no attempt being made to heat annealing or calcining chambers. 
Each furnace contains 24 muffles. On account of the inefficient 
utilisation of the heat in these furnaces, 1 part by weight of zinc 
required for its reduction, from comparatively poor ores, 17 to 20 
parts by weight of coal in Upper Silesia; with richer ores and better 
coals in England llj parts of coal. The loss of zinc in Upper 
Silesia was as high as 30 per cent., and in England amounted to 18 
per cent. As already stated, these furnaces have been replaced by 
the Belgo-Silesian furnaces and are now no longer built. 

Belgo-Silesian Fui'imces, 

These furnaces have been evolved from the old Silesian furnaces, 
the flames not being allowed to escape from the furnace either 
laterally or through the arch, but being first made to strike the arch 
VOL. n. ** 
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and then to return, escaping at the bottom of the furnace. Thus the 
products of combustion escape either through a common flue running 
under the bottom of the furnace into a stack, or into several 
stacks, or before entering the latter, they can be utilised for calcining 
calamine. The muffles rest upon the smallest possible supports 
inside the furnace, so that even the bottom shall be as far as possible 
surrounded by flames. In the Rhine Provinces, Westphalia and 
Belgium, muffles have been made relatively small, arranged in 
several rows, placed one above the other. By this means heat lias 
been more effectually utilised (6 to 8 parts of coal to 1 part of zinc), 
the temperature is kept more uniform, the retorts last for a longer 
time, the output of zinc is greater, and the furnaces can be adapted 
for a larger number of muffles, and their capacity thereby increased. 
It was also found possible to avoid the entrance of smoke into the 
works, and to minimise the injury done by the smoke to the sur- 
rounding country. 

This method of heating was first introduced at the works of the 
Vieille Montague Company in Belgium and Westphalia, flat grates 
and highly bituminous coals being employed ; this is the reason why 
these furnaces have received the name of Belgo-Silesian furnaces. 
In the case of the less bituminous coals of Upper Silesia ordinary 
grates could only be einpla||ed, when the layer of fuel was raised up 
to a considerable height J||y a bed of clinker, an air blast being 
forced into the ashpit undt^whe grate, or above the grate fit the level 
of the top layer of fuel. A further improvement was the introduction 
of gas-firing, which considerably increased the capacity of the 
furnaces, and has almost completely displaced fire grates. As a 
rule, therefore, gas-firing should at present be exclusively used for 
Belgo-Silesian furnaces. In the present state of development of the 
Belgo-Silesian furnace, we may distinguish furnaces with large 
muffles lying in one tier as used in Upper Silesia, and furnaces 
with small muffles in several tiers one above the other, as used in 
the Rhine Provinces, Westphalia and Belgium. The number of 
muffles in the furnaces of the first class, which arc used only in 
Upj>er Silesia, is from 32 to 72. Two furnaces are generally com- 
bined to form a block. In the furnaces of the second class, in 
which there are several rows, usually three, of small muffles, the 
number of the latter is considerably greater, and may amount to 
120. Here also two furnaces are usually built together in one block. 
For example, at the Munsterbusch Works, near Stolberg, there are 
120 muffles in each half of a block, or 240 in the entire block ; at 
Birkengang, near Stolberg, and at the Bergisch-Gladbach Works, 
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there are 216 muffles in a block. It is best to separate the above 
classes of furnaces into furnaces fired by grates and those fired by 
gas. Furnaces fired by gas may be divided into furnaces without 
and with regenerators. 

BelgoSilesidn Futtmace^ Fired by Graics, 

Furnaces of this kind were frequently used before the introduction 
of gas-firing, but have been replaced by gas-fired furna^s at mauv 
works. With lean coals, one tier of muffles is used, with high)} 
bituminous coals several, generally two, tiers lx^^y be employed. 
The construction of such a furnace with one row of muffles, as use I 
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at Valentin-Cocq, in Belgium, is shown in Figs. IIG to 120. There 
are 16 muffles e on either side of the grate. Two such furnaces are 
built together, being united by their shorter sides The fiamc rising 
through the grate ascends to the arch and then descends, enveloping 
the muffles from above and escaping through a row of apertures into 
the fiues k in the floor, which lead the products of combustion to 
the stack. In the older furnaces, there are calamine calcining 
chambers Z between each pair, or whenever solid zinc was produced, 
as in the old Silesian furnaces, chambers for re-melting the zinc, a, 
were also provided. In either case a portion of the flame was diverted 
through these chambers before entering the stack; v are vertical 
shafts, through which the distillation residues that remain in the 
muffles are dropped into horizontal arched tunnels T. The latter 
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open into a tunnel w running parallel to the longitudinal axis of the 
furnace ; u are the already-described adapters for the collection of 
E 
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the zinc, q the nozzles attached to them for collecting zinc fume. 
The adapters are arranged in recesses, which have already been 
considered under the heading of the old Silesian furnaces ; t are the 



ZINC 


149 


steps at the front end of the muffles, upon which the rear end ot the 
adapter is supported. The front end of the latter rests in an iron 
frame which closes the front of the recess. The upper portion can 
thus be closed, the lower portion being fitted with a tightly 
shutting door. This form of adapter through which the zinc has to 
be raked out is often replaced by one or other of the above-described 
adapters, from which the zinc is tapped out. 

In Upper Silesia the muffles also form one tier. On account of 
the small, non-bituminous coal there available, it was' necessary to 
employ clinker grates with a blast underneath them, or in some 
cases to use a blast above the top of the fuel. Furnaces of this 
kind hold from 24 to 28 muffles. The clinker grate is kept 10 



inches in height, the blast being produced b> means of fans or in- 
jectors and conveyed by means of a pipe into the closed ashpit of 
the grate. When a top blast was used, it was first heated by cir- 
culating through flues in the brickwork of the furnace and then 
entered the grate by means of small apertures. Furnaces of this 
kind have been replaced in most of the Upper Silesian works by 
gas-fired furnaces. Gas-fired furnaces with 2 tiers of muffles can 
only be employed where highly bituminous coals are available, and 
are in use at very few works. Such a furnace is shown in Fig. 
121 ; a; are the upper muffles, y the lower muffles, c the adapters. 
From the grate, r, the flame rises to the arch and descends sur- 
rounding the muffles, escaping through 'the flues h below the lower 
range of muffles into the stack. The upper muffles are 5 inches 
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longer than the lower ones (5 feet long, 9 inches wide, and 1*7 
inches high). Between each pair of recesses, which are 3 feet deep, 
there are walls of firebrick. 

BflgO'Sile^ian Furnaces Fired by Gas. 

Gas-fired furnaces develop the advantages of the Belgo-Silesian 
furnaces to a still greater extent ; they admit of the employment of 
inferior fuel and the production of a high degree of temperature, 
equable heating of a large furnace, and of convenient stoking of the 
gas producers. On this account the capacity of gas-fired furnaces is 
considerably greater than that of furnaces fired by grates. They 
should therefore be used as a rule. Tlie products of combustion 
either pass directly into the flues or a portion of their heat may first 
be utilised for calcining calamine and for annealing muflies, or for 
lieating regenerators. Regenerators of the Siemens type are em- 
ployed. The latter imply, however, a high first cost, careful attend- 
ance, and a uniform and not too inferior quality of coal. There is 
also danger of the flues of the regenerators becoming readily stopped 
up by zinc oxide and by the carbonaceous matter deposited by the 
tar, so that in spite of the great advantages of the Siemens furnace 
it has not found the universal application in zinc works that was 
expected from it. 


Gas Farnaccs without Regenerators. 

When gas furnaces are employed without regenerators, the air 
necessary for the combustion of the gases is heated either by passing 
through flues in the brickwork of the furnace or of the gas producer, 
or in flues which are surrounded by the escaping products of com- 
bustion. When larger muffles are employed, these are arranged in 
one tier, whereas smaller muffles are generally placed in several. 
In Upper Silesia, furnaces with one tier of large muffles are employed. 
These furnaces contain up to 72 muffles. The gas is generated in 
producers with step grates and led into the furnace through heating 
flues, at the upper end of which it is burnt by means of a current of 
air. The air is forced in by means of fans, and is heated in the 
brickwork of the furnace. The furnace may be worked either by 
draught produced by a stack, or by a blast underneath the grate, in 
which case air is also forced into the closed ashpit of the gas pro- 
ducers. The latter arrangement presents the advantage that the 
inferior small coal and duff may be used for the gas producers. The 
arrangement of such a furnace with heating flues is shown in Figs. 
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122 and 123 G aie the two gas producers, provided with step grates t, 
into the ashpits of which air is. blown through tubes g The producer 
gas passes from the produceis through flues / into the heating flues 
h At the upper end of the lattei, the gas is mixed with the heated 
au required for combustion, which is forced in by means of fans or by 
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injectors thiougli the flue z, Irom which it passes through the flues y, 
X and in which it is suflBciently warmed, and escapes through the 
pipes d and d'. The flame first rises to the roof and then descends, 
surrounding the muffles, and escapes through the apertures/ into the 
flues K, whence the products of combustion pass into the stacks e, oi 
into the mam stack H The blast for the producer is taken from the 




152 


METALLURGY 


flue s; by a branch flue y, opening into the ashpit of the producer ; m 
are the mufileB, r are the adapters, u are the openings through which 
the residues in the muffles are dropped into vaults provided with 
doors ; o are the calcining chambers built in between each pair of 
furnaces ; R, R are annealing chambers. A double furnace with G4* 
muffles as in use at the Hohenlohe Works is shown in Figs. 124 and 
125. Fig. 124 is a cross section through the furnace and producer ; 
Fig. 125 a longitudinal section through the furnace. The furnace, 
which is 53 feet long and 18 feet G inches wide, is provided with 2 
producers S, one to each 32 muffles. The producer gases pass through 
the flue K into 4 vertical shafts where they are burnt by the intro- 
duction of air. This air is forced by means of fans into the flue Z, 
passes from the latter into smal] flues x surrounding the heating 
flue, and from this through slots F into the heating shaft. The 
heating shaft widens out below into the chamber u, so that any flue 
dust may be collected there. This chamber can be cleaned out 
through the vault 22, which is connected "by a passage B with 
this chamber. After the flame has heated the muffles, it escapes 
chiefly through flues w at both ends of the furnace into the chambers 
M. or n for annealing or calcining respectively, and from these chambers 
through the flues / into the stack. Such of the products of combustion 
as are not required for heating purposes pass directly out of the furnace 
through the apertures c into the stack. N are the recesses which 
contain the adapters of each pair of muffles, Q are flues in which any 
slag collects, that may form wdien any of the muffles crack. By 
means of the shafts v, the residues from the muffles are thrown into 
the vault R, 

Lorenz ^ has proposed a modification of the Silesian gas furnace 
in which the gases and air do not enter through the floor of the 
furnace, but through its two end walls. The flames thus enter from 
either side of the furnace, pass between the muffles towards the 
centre, where they meet, surrounding the muffles and returning along 
the sides of the furnace to the end walls, whence they escape into 
flues. The construction of such a furnace with smaU muffles arranged 
in 2 tiers, and heated by gas generated in a Boetius producer, is 
shown in Figs. 126 and 127.~ The air used for combustion is heated 
in the flues / of the well-known Boetius producer, this air mixing at 
0 with the gases ascending from the producer. The flame first rises 
to the roof and then descends through the flu<»s a, which are built 
between each pair of recesses, into the flue b, which conducts the 

1 1). R. Patent, No. 10,010, October 21, 1879. 

“ Ocbtcri. Zcitschr.^ 1881, p. 336. 
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ar0 dropped into the shaft E; when these residues are being drawn 
oat from the lower muffles, the tiles that close the upper portion of 
the yertical flues are removed, and when the residues have to be 
removed from the upper muffles, the tiles B' arc removed also. The 
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front in the recesses, their back ends lying upon supports made of ex- 
ceedingly fireproof material. The gas which is developed in the pro- 
ducer, not shown in the figure, enters through the flue a into the vertical 
shaft 6, at the upper end of which it is burnt by means of hot air there 
introduced from the outside through the fluco /. The quantity of 
air can be regulated by means ot dampers, Ic, at the mouth of the latter. 
Through the flues I the air passes into the flue c, and from the latter 
through cl into 5. The flame rises first to the root, and tKeii letums, 
escaping through apertures c into the flue / thence turougk the 
vertical flue g into the large 1 niizontal flue /t.and^mthe latter into 
the flue i leading lo the stack In its passage through the flue A the 



products of combustion surround the air flues I and thus heat the air 
to be used for combustion. These furnaces contain 50 to 55 mu£9es, 
and are in use m the Rhine Provinces. 

The construction of a furnace of the most recent type with oval 
muffles, such as are at present in use in the Rhine Provinces, is 
shown in Figs. 128a to 1286,^ Fig. 128a being a longitudii^al section on 
cd. Fig. 1286 a front elevation, Fig. 128c a cross section on ef, Fig. 
128(^ a sectional plan on a 6, and Fig. 128c on gh. The muffles are 
of the pattern now generally used in the Rhenish and Westphalian 
zinc works ; they are oval in cross section and are made by machineiy 


' Durre, Zte/e und Qrt/nzen der EltUrO’intiallurgw^ p. 207, Leipzig, 1890. 
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aa already described ; in this furnace they are arranged in three tiers, 
lihere being 108 in each side of the furnace block, or 218 in all. The 
adapters are shown at v. Fig. 128c. There is a gas producer v, Figs. 
128a and 128^, at each of the short sides of the fuinace ; the air for 



the combustion of the producer gas undergoes previous heating in the 
walls of the producer as indicated in the figures. The products of 
combustion, after heating the mufides, escape through the vertical 
flues w into the mam flues z which communicate with the stacks. 
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Ga^ Fi(,maccs with Regenerators, 

Furnaces on the Siemens principle are used in Upper Silesia, ir. 
Freiberg, in Cilli (South Austria), and m the Rhine Provinces. 
They require coal which shall not be in too small pieces. They 
admit of the uniform heating of large thambers to a very high 
degree of temperature, and in consequence thereof cause an economy 
of fuel and of muffles, an<l permit of longer campaigns than m the 
case of furnaces working without regeneratoi«» 0“ account, 
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however, of their high first cost, of the necessity of employing 
better qualities of coals, of the care required in their management, of 
the readiness with which the flues in the regenerators become stopped 
up, of the difficulties connected with their heating, and of the high 
consumption of fireproof material caused by the regenerators» the 
application of the Siemens principle to distillation furnaces has been 
greatly limited, in spite of the above-named advantages. The 
general construction of a zinc distillation furnace on the Siemens 
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principle is shown in Figs 129 and 130. Z aie the an regenerators. 
Q the gas regenerators, r/, g are the flues for the admission of gas, and 

ly I for the admission of air to their 
respective regenerators The gas 
and air, after being heated, pass 
through flues, J J, into the mixing 
chamber F. The flame ascends 
first in one half of the heating 
chamber 'v up to the roof N, then 
enters the other half, where it 
descends, passing finally to the re- 
generatois, which it traverses, and 
then escapes to the stack The dis- 
tillation residues fiom the muffles 
are dropped through the inclined 
shafts a into the vaults R, S is a 
pocket foi the collection of flue 
dust, h are iron fiames which re- 
place the partition tiles of the 
They were designed by Cochlovius,^ and aie shown 
on a larger scale in Figs. 131 and 132 (each pan of lecesses is 
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otherwise sepaiated by fireclay tiles 2 inches thick, known as 
partition tiles) The fiont side a & of the frame is secured to 
the buckstaves of the furnace, whilst the back portion c d sets 
^ D R Patent, No. 9,128. 
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a projection h replaces the step upon which the front portion of the 
adapter rests. 

The construction of the older zinc distillation furnaces at 
Freiberg is shown in Figs. 133 to 137. The regenerators lie under 
the furnace, and parallel to its longitudinal axis. L is one of the air 
regenerators, G- one of the gas regenerators. The other pair of 
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regenerators lying beneath the other half of the furnace is not 
visible in the figure. W is the reversing valve for the gas and W 
for the air current. JC are the gas flues, Y the air flues. The gas 
passes through into the regenerator G, the air through Y into the 
regenerator L. At the upper portion of the regenerator the gas 
escapes lieated through 3 flues into corresponding vertical slots, 
whilst the air escapes at the upper end of the air regenerator through 
an equal number of flues U into its corresponding vertical slots. At 
the top of these slots the air and gas mix, the flame thus produced 
first surrounding 2 tiers of muflles on one side of the furnace, and 
then passing into the second half of the furnace, where it surrounds 
the muffles therein contained, and then escapes tlirough the six air 
and gas slots in the floor of the furnace into the corresponding 
regenerators, from which it passes to the flue U. and thence to the 
stack. At definite intervals — from half an hour to an hour — the 

direction of the air and gas 
currents is leversed by means 
of the reversing valve, so that 
gas and air now ascend in the 
8e(‘ond halt of the furnace, first 
heat the muffles contained 
therein, and then take their 
way through the first half of 
the furnace to the first pair 
of regenerators, whence they 
escape to the stack. The air 
and gas slots are prolonged 
downwards into chambers or pockets li, into which any flue dust 
drops down, and collects. By means of the chambers F the 
brickwork which forms the outer wall of the regenerators and 
pockets is accessible, so that these can be repaired and cleaned out 
when desired. N are the muffles, 0 are the recesses. The number 
of muffles in single furnaces of this kind amounts to 28 to 32, in 
double furnaces to 56 to 64. A furnace of this kind with several tiers 
of muffles one above the other, is arranged similarly to that described 
under Gas Furnaces without Regenerators. Furnaces on the 
Siemens principle have been used with good results at the Paul and 
Wilhelmina Works, near Schoppinitz. The gas furnace with air 
regenerators of Haupt,^ which are provided with regenerators along 
each side of the longitudinal axis of the furnace, do not seem to 
have come into use. 

' 1). R. Pdioiit, No. 7,4:25, Oesterr. ^eitnchr,, 1881, p. 836. 
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^he Charge 

The charges for mufHes are prepared iu the same way as for 
retorts ; calamine is not, however, submitted to distillation in the 
f(»rm of powder, but in pieces of the size of a hazel nut, so that the 
muffle charge, which is very much larger than that for the retort, 
shall not be too compact. Binon and Giandfils ^ have also proposed 
the employment of charges mixed with tar and moulded into blocks 
for muffles. According to their views, by the employment of blocks 
moulded to the shape of the muffle, 50 per cent, more charge can be 
introduced into it than by the ordinary metliod of charging. It is 
also claimed that in this case the reduction takes placu* at a 
comparatively low temperature. As far as is known, however, these 
proposals do not seem to have received any practical application. In 
Upper Silesia the coal used for reduction is employed m the form of 
what is known as cinder^ that is to say, after its gas has been got rid 
of. This cinder is obtained partly from puddling works, partly 
collected below the grates of the gas generators, and partly produced 
in special furnaces. For instance, at the Hohenlohe, Kunigunde and 
Theresia Works, in Upper Silesia, coals of grain and pea size are 
heated in furnaces, whereby they partly coke and may agglomerate a 
little, according to their quality. At tht Paul and Wilhelmina Works 
near Schoppinitz, coals thus heated are also partially employed. In 
many works crushed coke is used. By driving the gas off from coals, 
from 63 to 72 per cent, of the weight of the latter is obtained as 
cinder. Of recent times the quantity of cinder in the charge in 
Upper Silesia has been continually on the increase ; by theso means 
the red-hot particles of coal in the charge are brought into intimate 
contact with the ores, and the formation of an atmosphere of cfirbon 
monoxide is at the same time promoted, so that any oxidising 
influence of carbon dioxide, water vapour and air are prevented from 
affecting the zinc vapour. For example, at the Wilhelmina Works, 
the proportion of cinder amounts to almost 56 per cent, of the 
weight of the ore treated, or 34*9 per cent, of tho total fuel used in 
the operation. The charge for one muffle is at present about 2 cwts. 
on the average for Upper Silesia, and 60 to 77 pounds in Belgium, 
the Rhine Provinces and Westphalia. 

Process of Distilfativn 

Before a furnace is put into operation, it is carefully dried and 
fired up slowly. In the case of the old Silesian furnaces, as soon as 
^ Berg, wid Hutt, Ztg., 1883, p. 198-!211 ; 1882, p. 331 ; 1881, p. 27. 
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the furnace has attained the requisite temperature, the muffles which 
iisre been raised to a red heat in the annealing furnace are set in 
^eir places. The interspaces between the muffles and the columns 
are Slled in with bricks and clay. The adapters are then attached 
to the muffles^ and the openings in the lower portion of the muffle 
below the adapters are closed by the tiles previously mentioned. 
The charges are then gradually introduced through an opening in the 
bend of the adapter by means of a long scoop, which passes through 
the horizontal portion of the adapter into the muffle. The charge of 
the muffles, small at first, is gradually increased, until on the seventh 
day they are taking their full charge. The muffles that lie nearest the 
fire are more heavily charged than those farther away from it. After 
the muffle has been charged, the opening in the bend of the adapter 
is closed by means of a tile luted upon it ; the sheet-iron doors in 
front of the recesses are closed ; and the temperature of the furnace 
IS raised to whiteness. Soon after the introduction of the charge, 
under ordinary circumstances, carbon dioxide, caiboii monoxide and 
water vapour are evolved, and zinc fume is deposited in the adapters 
as a result of the action of carbon dioxide and watei vapour upon 
the zinc vapours, as also of the high degree of dilution of the latter 
by the above-named gases; in order to prevent the adapter from 
being clogged, it must be repeatedly cleaned out. Two to three hours 
after the charge has been introduced, carbon monoxide alone is 
<'ontained in the escaping gases. As there arc now no oxidising 
agents present, and as zinc vapour is contained in large quantities in 
the gas, condensation of zinc commences, attains its maximum after 
(1 to 8 hours, and remains stationary for another G to 8 hours. It 
then diminishes, and is concluded in a few hours longer. The total 
time of working off a charge, including charging, occupies 24 hours. 
When the distillation is complete, the front doors of the recesses are 
opened, and the tiles are removed from the charging openings. Any 
fluid zinc that may still be remaining in the horizontal portion 
of the adapter is raked down into the condensing chamber, and 
the metal that is solidified in the latter is removed. The tile 
which closes the muffle below the step supporting the adapter is 
now removed by means of tongs and the residues of the distillation 
are drawn out by means of scrapers, any accretions upon the sides of 
the muffles being knocked off by means of an iron bar. Muffles that 
have become defective are changed, and others which may have been 
cracked, but which are still capable of being repaired, are luted with 
clay. The muffles are then charged afresli. The two rows of muffles 
are either charged one directly after the other or else the second row 
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is charged some time, up to 8 hours, after the first, in order to give 
the workmen time for a rest. By the latter method, the uniform 
course of the process and the output of zilkc are interfered with* 

The process of distillation when Belgo-Silesian furnaces are 
employed agrees with the former, except as influenced by the different 
construction of these furnaces as regards the disposition of the mufiles 
■and the character of the adapters. The furnaces are heated up by means 
of a coal fire maintained upon the grates or in the g^ producers. 
Furnaces on the Siemens principle are not heated up by Mans of the 
' 2 )roducer, but by roeaus ol a fire maintained upon % provisional grate 
inside the furnace itself. These grates are arranged in two recesses 
Jyiog diagonally opposite to each other, whilst the other recesses are 
•loosely bricked up (luring this period of heating up. After three or 
four days the muffles are put into their places, and aunealed in the 
furnace itself. After the fire has been gradually increased for another 
three or four days, the grates are removed and gas is introduced from 
the producer, which has been carefully warmed up and fired, the 
requisite quantity of air for burning the gas being at the same time 
admitted. After gas-firing has thus been commenced, muffles pre- 
viously heated to a red heat are introduced iuto the two recesses, 
which have now been set free for this purpose ; the muffles are then 
bricked in, the adapters are attached, and the muffles charged. In 
the case of adapters of the bellied form, charging takes place through 
the front of the adapter, whilst with those having the shape of 
inclined cylindrical tubes or of rectangular boxes, the front of 
which is closed by a tile, or by a clayed iron plate, charging is 
performed through the apertures left when these plates are re- 
moved. If there are several tiers of muffles, the topmost tier of 
muffles is charged first. The first charges are very small and 
consist of readily reducible material, such as zinc fume and rich 
residues, the charges being gradually increased up to the normal. 
The time of working off a charge in this furnace amounts also to 
2,4 hours. The temperature must be kept as uniform as possible 
during the process of distillation. Should it be too high, uncondensed 
zinc escapes through the adapters and burns in contact with the air ; 
if it is too low, the zinc condenses as fume, which partly remains in 
the adapters, and partly is carried off by the current of gas. In such 
a case the adapters in the old Silesian furnaces might possibly become 
stopped up by solid zinc. If any of the muffles crack, zinc vapour 
may either escape from the muffles into the furnace, or the furnace 
gases may enter the muffle, according to the ratio between the 
pressures inside the furnace and inside the muffle respectively. After 
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the conclusion of distillation, zinc is removed from the adapters, the 
residues are then raked out, the muffles are repaired or replaced, and 
then charged once again. Zinc is raked out from the bellied adapters 
and collected in a ladle held beneath the latter. From the inclined 
cylindrical or rectangular adapters the metal is tapped out into iron 
ladles by removing the front plate. By means of these ladles, which 
are i>rovided with spouts, the fluid zinc is cast into moulds. When 
several tiers of muffles have to be dealt with, the zinc is first collected 
from the uppermost tier of muffles. 

Economic Results and Examples of Zinc Extraction ix 

Muffles 

OLDER FURNACES FIRED DIRECT 
Old Siltsiftn Muffle Funmees 

In Upper Silesia by means of old Silesian furnaces with 20 
muffles in each, 15 cwts. of calamine were tieatcd in 24 hours, in 
furnaces with 24 and 26 muffles, IS and 20 cwts. of calamine 
respectively. The output of zinc from the ore amounted to 14*07 
per cent. For the production of 1 cwt. of zinc, 7J cwts. of calamine, 
and 35 cwts. of coals were required. 

The muffles lasted 6 to 8 weeks. 

BelgO’SileniKa Furnace a Fired hg G rales 

At Valentin Cocq, in Belgium, furnaces were employed with 24 
muffles 4 feet 4 inches long, 22 inches high and 82 inches wide, as 
also furnaces with 32 muffles, 4 feet 7 inches long, 23f inches high and 
82 inches wide. The charge of the former amounted to 1280 lbs. 
of calamine and 3 cwts. of coal for reduction. This charge was 
treated in 24 hours, and required 36 cwts. of coal, about 8 cwts. of 
coal being consumed to 1 cwt. of zinc. The consumption of muffles 
amounted to ()*41 and of adapters to 2 in 24 hours. The 32-muffle 
furnaces received a charge of 2028 lbs. of calamine and 507 lbs. of 
coal for reduction, the fuel consumed in 24 hours being 4724 lbs. = 
(»*14 cwts. for each cwt. of zinc. The consumption of muffles per 
furnace per 24 hours amounted to 0*40, and of adapters to 2*4. At 
Letmathe, near Iserlohn, where blende is chiefiy smelted, there are 
at present (1805), furnaces in use with a combined step grate and 
flat grate, which contain each 75 oval muffles 6^ inches broad and 
10 inches deep in the clear; (furnaces on the Siemens principle were 
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-used, but have beou discontinued). To each cwt. of calcined oro 42 
to 44 lbs. of coal in the forn\ of anthracite is added. The charge of 
a muffle amounts on the average to 57 lbs., the period of distillation 
amounting to 23 hours. A furnace with 75 muffles treats in 
hours 1 ton 19 cwts. of calcined ore. For each cwt, of zinc 3 to 4 
■cwts. of fuel and 11 cwts. of coal for reduction arc employed. Tlie 
loss of zinc amounts to 14 to 16 per cent. For n cwt. of zinc 0-4 
cwt. of muffles are consumed. The labour employed per 24 hours 
amounts to 1 shift oi‘ 24 hours and 2 shifts of 10 hours^ 

At the Silesia Works, near Lipine,^ the older furnitces, working 
with flat grates and blast in the ashpit, contained feach 24 muffles, 21-6 
inches high and 7*2 inches broad. The charge of a furnace amounted 
to 411G lbs., yielding an output of 917 lbs. of zinc per 24 hours. For 
each cwt. of zinc, 48 cubic feet of coals and O M) muffle were 
consumed. 


Delgo-SilcsiffU FireiJ v'lJh Ua& 

Here we have to distinguish between furnaces with large muffles 
in one tier used in IJpjHU’ 8ile.sia, and furnaces with several tiers of 
smaller muffles one above the other, as used in Belgium, the Rhine 
Provinces and Westphalia. Modern furnaces in Upper Silesia with 
a single tier of large muffles, fired by gas, consume at present some 
10 cwts. of coal, of which 7 cwts. is used as fuel, for each cwt. of zinc- 
produced, the charge containing 20 per cent, of zinc, and the average 
weight of charge to each muffle being 227 lbs. The weight of coal 
used for reduction amounts to about 40 per cent, of the weight of 
the ore, or about 2*8 cwts. per cwt. ot zinc. Of this coal, 1 cwt. 
consists of cinders or of coke from the gas producers. In 187(^ 
the consumption of coal amounted to 19*16 cwts., and in 1880 to 
12*41 cwts. per cwt. of zinc. Rather less than 4 cwts. of clay are 
consumed to each ton of zinc. For each 13 or 14 muffles 1 work- 
man is required per 24 hours, or 4 to 5 men for the production of 
1 ton of zinc in this time. The loss of zinc amounts to 25 to 30 per 
cent. Tlio residues of distillation contain 3 to 3'5 per cent, of zinc. 
Of the above loss, 12 to 15 per cent, is due to the zinc retained in 
the residues and 10 to 15 per cent, to volatilisation. Each muffle 
yields 10 to 12 cwts. of crude zinc. 

The modem Silesian furnaces in Belgium, the Rhine Provinces 
and Westphalia, the Belgo-Silesian furnaces proper, consume 3 to 4 
tons of coals for reduction and fuel, and about 4 cwts. of clay to each 
^on of ziuc, employing ores containing 50 per cent, of zinc, and a 

^ Jiertf, vwf Iluit. ZUj,, 1H67, p. 340. 
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charge of 75 lbs, in each muffle. One man is required for every 13 
to 14 muffles per 24 hours = 4 to 5 men per ton of zinc in this 
period. In the older furnaces, 6 to 7 tons of coals used to be con- 
sumed for each ton of zinc produced. The loss of zinc varies from 9' 
to 15 per cent. 

At the Hohenlohe Works, in Upper Silesia, where single storied 
furnaces, shown above in Figs. 124 and 125, with 32 muffles are used, 
each 22 inches high, 6 inches wide, 4 feet 0 inches long over the gas 
sliafbs, the others being 5 feet 5 inches long, the charge consists of 
17 cwts. of calcined blende, containing 42 to 45 per cent, of zinc, 5 
cwts. of calamine in small pieces, containing 26 to 32 per cent, of 
zinc and 21 cwt. of calamine slimes, containing 1 4 to 1 G per cent, of 
zinc, or altogether 2*3 tons of ore ; the yield in 24 hours amounts to 
1080 lbs. of zinc Duiing this period 3 tons 7 cwts. of coal were con- 
sumed in the process, or 
l)‘83 lbs. of fuel to the lb. 
of crude zinc. 

At the Silesia Works, 
near Lipine,^ there are 
at present (1895) fur- 
naces in use, which are 
built with 2 gas shafts, 
to carry 32 to 40 muffles, 
16 or 20 respectively on 
either siii(\ 'J’liere is a separa'te pioducer to each furnace. The 
air employed for coiubustioii is blown in by means of a fan and 
mixed with gas, I foot 8 inches below the upper edge of the 
shafts. The dimensions of the muffles and their thicknesses are 
shown ill Figs, 138 and 139. The mixture of which the muffles 
are composed consists of 37 to 40 parts of raw clay and 60 to 
63 |mrts of fragments of muffles and burnt clay shale. The raw 
clay is obtained partly from Briesen, in Moravia, partly from 
Saarau, in Silesia. The clay shale is obtained from Neurode and 
Mittelsteine, in Silesia. The fragments of muffles are obtained* 
by grinding old muffles down to a mesh of 0*23 to 0*27 inch. The 
charge consists of 25 to 45 parts of calamine and 75 to 55 parts of 
calcined blende, according to the quantities of these respective ores 
that may happen to be available. The reducing agent consists of 
cinders, the quantity of which amounts to 45 to 47 per cent, of the 
weight of the ores. The charge for a muffle amounts to 198 lbs. 
The period occupied ii7 distillation is 16 to 17 hours, that for the 

^ Kindi} cuiiiniiiiiicdtcd l>v the factory inapector, SclierlMiniiig, of Lipiiie. 
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remaiuiug operations 7 to 8 hours. A muffle will last between 35 
and 47 days, depending chiefly upon the age of the furnace, and 
therefore upon the greater or lesser solidity of the muffle seat, and 
upon the ratio of zinc blende contained in the charge, zinc blendt 
requiring a higher temperature than calamine. The output of a 
furnace in 24 hours amounts to 6,350 lbs. of ore for 32 muffles, and 
7,940 lbs. for 40. The consumption of fuel per ton of ore varies 
from 1 to 1'2 tons; per ton of zinc it amounts to 5*5 tons. The fue) 
used is partly duff, partly very slaty coarse coal ; the consuniption of 
reducing agent amounts to 2 tons per ton of zinc, and the consump- 
tion of muffles to 2 per ton of zinc. The output of zinc is 77 to 80 
per cent, of that present in the ore, or 20 per cent, of the weight of 
the latter. The loss of zinc vaiies from 20 to 23 per cent. 

At the Paul Works, near Roadzin, there are at present (1895) in 
use Siemens furnaces and gas-fired furnaces using blast in the ashpit. 
Each furnace has its own producer and one or two heating shafts. 
The number of muffles amounts to 32. Air is introduced below the 
grate of the producer by means of a fan in order to generate gas, as 
also under the body of the furnace to bum the gases. The muffles 
are made of a mixture of 65 per cent, of clay and 35 per cent, of 
muffle fragments. The ore mixture contains 30 per cent, of calcined 
blende and 70 per cent, of calcined calamine ; the reducing agent — 
cinder — amounts to 40 per cent, of the weight of the ore. Each 
muffle takes a charge of 2 cwts. The time required for treating a 
charge, including recharging the muffles, is 24 hours. The muffles 
will stand from 40 to 50 days. A furnace with 32 muffles will treat 
on the average 3 tons of ore in 24 hours, extracting 8 to 10 cwts. of 
zinc. The consumption of fuel in this time amounts to about 4 tons, 
= 1‘33 tons of coal per ton of ore, or 8 to 10 parts of coal to 1 part 
of zinc. The output of zinc is about 13 per cent, of the weight of 
the ore, the loss of zinc amounting to 21 per cent. 

At the works of the Berzelius Company, near Gladbach, there are 
3 tiers of small muffles ; a furnace block holds 208, which are emptied 
every 24 hours, there being 12 men engaged during that time. The 
charge consists of calcined blende, containing 52 per cent, of zinc, and 
of cinder. Each muffle receives a charge of 55 pounds of ore and IB 
pounds of cinder. The charge for the fflrnace amounts to 5*2 tons of 
ore and 1*664 tons of cinder, the output per 241iour8 amounting to 
2*4 tons of zinc, with a loss of 10 to 13 per cent. Muffles will la.st 
from 45 to 60 charges. For each cwt. of zinc 3*9 cwts. of coal for 
fuel and for reduction are consumed. 

At the Neumlihl-Hamborn Works, near Oberhausen, furnaces are 
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•employed with producers in which the air is heated. These furnaces 
are double furnaces containing on each side 3 tiers of muffles, each 
row containing 42 muffles, and each side of the furnace 126, so that 
the entire furnace takes 252 muffles: Each such furnace has 2 pro- 
ducers, one at either end. Tiie muffles are upon the average 4 feet 
7 inches long, GJ inches broad and 12 inches high in the clear, and 
are made of a mixture of about 30 2 )arts of calcined Belgian clay, 35 
parts of raw Belgian clay, and 5 parts of coke. TJie charge consists 
chiefly of calcined blende, containing 53 to 5.5 per cent, of zinc. The 
coal used as a reducing agent, amounting to 40 to 42 per cent, of the 
weight of the calcined ore, consists of coarse siftings from the lean 
coal of the basin of the Ruhr. The charge for a muffle consists of OG 
to 73 pounds of ore and 20 pounds of coal, as also of a small quantity 
of.skimmings and residues. The total charge for a double furnace con- 
sists of 7*6 to 8 tons of ore, exclusive of the skimmings and residues 
of the previous day. The distillation lasts 10 hours, 5 hours being 
employed in cleaning up and charging. The consumption of fuel 
amounts to 12 tons 2 )er furnace per 24 hours; this fuel is a coal 
slack giving a long flame and containing 22 per cent, of ash. With 
a good quality of coal, .such as is being used in other works in the 
Rhine Provinces and Westphalia, one third less coal would be 
required. For each ton of zinc 3*0 tons of coal are used for fuel and 
0 88 for reduction. A muffle lasts 30 days on the average, 8 muffles 
being destroyed per day jjer furnace. During G hours in which tlie 
muffles are being enqitied and recharged 12 men are engaged ; 
during the period of redaction 2 men, wIjo work a I2-liour shift. 


Furuavi'H irith JirffmerKtara 

Furnaces are in use, both on the Siemens principle with gas and 
}dr regenerators, as also furnaces with air regenerators only. The 
4listillatiou furnace at Freiberg, on the Siemens principle, has 32 
muffles disposed in two rows of IG each ; they are 5 feet 2 inches 
long, 1)^ inches wide, and lOj^ inches high. The charge for a muffle 
consists of 1 cwt. of calcined blende, containing 33 per cent, of zinc, 
and 25 per cent, of lignite coke. The process of distillation lasts 24 
hours, the consumption per cwt. of blende amounting to 5*3 cubic feet 
of fuel. Tlie weekly output of the furnace is 21 tons of zinc and 5 
cwts. of zinc fume, containing GO per cent, of zinc. The output of 
zinc amounts to 70 per cent. The distillation residues contain 10 
per cent, of zinc ; they carry silver and are smelted with lead for the 
extraction of the silver. 
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At the Birkengang Works, ueai* Stolberg, furnaces on the Siemens 
principle are now in use (1895) containing 3 tiers of muffles. They 
are built together in pairs, their longer sides adjoining. Each row 
consists of 18 muffles, so that the double furnace contains 54 muffles 
on either side or 108 altogether. The charge consists chiefly of 
blende, and contains 52 to 53 per cent, of zinc, 37 to 38 per cent, of 
lean coal being added as a reducing agent. The total ore charge of 
a double furnace amounts to 4*9 tons. The distillation lasts 24 hours, 
1*2 tons of fuel being consumed to each t(»n of ore,*' The men 
employed per furnace jier 24 hours number 10 ; they work 12-hour 
shifts. A muffle, composed of two-thirds of burnt and one-third of 
raw clay, lasts on the average 40 days. 

At the Paul Works, near Kosdzin, Siemens furnaces are used 
carrying 60 to 72 muffles, 5 feet 7 inches to 5 feet 11 inches long. 
Two producers are attached to each furnace. The muffles are made 
of a mixture of 65 per cent, of clay and 35 per cent, of fragments of 
old muffles. The ore charge consists of 30 per cent, of blende and 70 
per cent, of calamine, the reducing agent — cinder —amounting to 40 
per cent, of the weight of the ore. The charge for a muffle consists 
of 220 to 242 pounds. The total period of distillation, including the 
necessary operations, amounts to 24 hours. A muffle lasts 40 to 1)0 
days on the average. A furnace with 60 muffles treats () tons of ore 
in 24 hours, extracting about 1 ton of zinc. The consumption of fuel 
during this period amounts to 6*1 tons, =1*016 ton per ton of ore, or 
6T tons per ton of zinc. The Cf)nsumptioii of cinder for reduction 
amounts to 8 cwts. per ton of ore, or 2*4 tons to the ton of zinc. 
The consumption of muffles amounts to 1*35 per ton of zinc. The 
output of zinc is 13 per cent, of the weight of the ores. The Siemens 
furnaces require a better quality of fuel than is needed for ordinary 
furnaces using blast in the ashpit ; the former, however, work more 
uniformly and consume less fuel than do the latter. The advantages 
of the Siemens furnace are shown from the following table of the 
wox’king results of the grate-fired furnace and the Siemens furnace 
at the Paul Works for the year 1895 : — 

< irate h’urniicc wltli Sioraonh Funiace with 
UJ AluffleH. hO AIuffleH. 

tnnu. toiih. 

Ore treated per furnace jKjr *24 hours ... 3 H 

Consumption of fuel per ton of ore . . . I’JW ^ 

Consumption of inumes per 5 tons of ore . J *6 1 

Percentage of zinc extracted from the ore .13 13 

At the Cilli Works, ^ a furnace on the Siemens principle contains 
186 muffles. These muffles, made of a mixture of one-third of raw 

' Oeiy. nnd HiUt. Zty., 1884, p. .<». 
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and two-thirds of burnt clay, are 16^ inches high and 8 inches wide. 
The charge for each muflSe amounts to 77 lbs. ; the reducing agent 
consists of a mixture of cinder and lignite from Fiinfkirchen. The 
fuel is a mixture of coal and lignite. There are three producers to 
each furnace. Distillation lasts 24 hours, and the zinc contents of 
the residues amount to 4 to 5 per cent. 

At Stolberg there are furnaces which have regenerators for air 
only. At the Birkengang Works furnaces with air regenerators are 
in use (in 1895). Like the Siemens furnace in use in the same place 
each lialf of the double furnace contains three tiers of 18 muffles each. 
The charges, the practical results, and the process are the same as in 
the case of the Siemens furnace. 

At the Milnsterbusch Works, near Stolberg, furnaces are also at 
\fork (in 1895) provided with air regenerators. To each furnace 
block there are two producers, one at either end. There are three 
tiers of muffles of 80 each, or 240 altogether. The latter are 4 feet to 4 
feet 7 inches long, and take a charge of 75 lbs. of calcined ore and 
dl lbs. of coal. They are made of a mixture of CO per cent, of burnt 
and 40 per cent, of raw Belgian clay, to which coke dust is addedi 
The zinc contents of the charge amount to 52 to 54 per cent., a lean 
coal being used as the reducing agent, and its weight being 40 per 
cent, of that of the calcined ore. The time required for distillatiou> 
including that of charging, is 24 hours. Each block will treat some 
8 ton.s of calcined ore in this time, with a consumption of 8*5 to 9*2 
tons of coal as fuel. For 1 ton of zinc about 2*5 tons of coal are used 
for fuel and 1 ton for reduction. A muffle will last according to the 
quantity of iron and coke contained in the charge, from 40 to 50 days. 
A furnace block witli 210 muffles requires 14 furnacemen, working 
for 8 hours, 2 firemen working for 12 hours, 2 lads working for 12 
hours, and 1 labourer for wheeling ore, coal and residues. 

Loms of Zinc in Treating Zinc Ores in Retorts and Mnffles 

As has been repeatedly stated, the losses of zinc in the process of 
distillation are very high compared to the losses in the extraction of 
other metals. They amount to 10 to 25 per cent, of the zinc contents 
of the ore, and only in very exceptional cases fall below 10 per cent. 
In the Rhine Provinces, Westphalia and Belgium, where ores 
averaging 45 per cent, of zinc are treated in retorts and small 
muffles, the losses average some 12 per cent, of the zinc contents of 
the ore. In Upper Silesia, where ores containing 20 per cent, of zinc 
arc worked in large muffles, they amount to 25 per cent, of the zinc 
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contents of the ore. In Freiberg, where blende containing 30 to 31 
per cent, of zinc is worked in small Silesian muffles, they amount to 
18 per cent. The loss of zinc at the works of the Vieille Montague 
at Angleur, in Belgium, amounts to 10 per cent. ; at the Bleyberg 
works, in Belgium, to 13 to 14 per cent.; at Mtlnsterbuscb, near 
Stolbeig, to 10 per cent.; at Bergisch-Gladbach to 10 to 13 per cent.; 
at the Wilhclmina Works in Upper Silesiar to 21 per cent. ; and at 
many other works in that district to 2«> per cent. These losses are 
due to the passage of zinc into the material of which -*tbe retorts 
consist, the escape of zinc through the pores of the retorts, and> 
through cracks in the retorts, or fri>m the retort breaking completely, 
through the escape of uncondensod zinc out of the adapters, through 
zinc remaining behind in the retort residues, and through the escape 
of zinc vapours when the residues are being removed from the retorts* 
Retorts newly introduced into the furnace only give their normal 
output of zinc after the lapse of several days, because their walls 
absorb a certain quantity of zinc at first. This metal combines with 
the clay of the retort to form an aluminate — an artificial zinc spinel- 
This compound gives the material of the retorts the well-known blue 
colour. The average zinc contents of old retorts, no longer fit for use, 
amounts to 6 per cent. It may, however, as has been shown at the 
Bethlehem Works in Pennsylvania, rise to 21 per cent. By the 
addition of coke to the material of which the retorts are made, and to 
their manufacture under heavy pressure, the absorption of zinc has 
been greatly reduced at the works on the Rhine and in Belgium. 
Retorts, especially when not made under heavy pressure, are porous 
and allow zinc vapour to escape through their pores owing to the 
pressure in the retort during the processes of distillation. These 
vapours escape into the furnace and pass away with the products of 
combustion. If the pressure in the retorts is low, and that of the 
burning gases inside the furnace high, these gases and air penetrate into 
the retorts through the walls of the latter, and exert an oxidising action 
upon the zinc vapours in consequence of the oxygen and carbon dioxide 
which they contain. In order to avoid these defects, the retorts have 
been glazed, but this method has been shown to be less effective than 
that of manufacturing retorts under hydraulic pressure. In fact, this 
method of manufacturing retorts must be looked upon as an important 
improvement in the direction of diminishing the losses of zinc due 
to the porosity of the retorts. Great losses of zinc are caused by 
the cracking or breaking of the retorts, as in these cases zinc vapours 
escape freely from the retorts into the furnace, and where regenerators 
are used, may cause the passages in the latter to be stopped up. The 
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loss of zinc due to this cause is greater, the lower the durability of 
the retorts. Upon the average, retorts, as also both small and lai’ge 
mnfHes, last some 40 days. Out of 100 retorts in use, 2 are broken 
per diem at Anglcur in Belgium ; 3 in Ampsin in Belgium ; 2 (small 
muffles) at Milnsterbusch ; 2 *.j (large muffles) at Hohenlohe ; 2’0 
(large muffles) at the Silesia Works in Lipine. The fact that retorts 
and small muffles manufactured under pressure in Belgium and the 
Rhine districts are not more durable than the large ones made by 
hand in Silesia is due to the circumstance that reterts and small 
juufflesare only supported at their two ends and have to resist a very 
intense heat. Nevertheless the durability of retorts and small 
muffles is increased markedly in consequence of this method of 
manufacture, seeing that their average life used formerly only to be 
^25 days. The loss of zinc due to the cscaj)e of its vapour from the 
adapter has been diminished to some extent by improvements in the 
latter, such as those of Kleemann, Dagner and Rtcger, but is still very 
considerable. The loss due to the escape of zinc vapour from the retorts 
whilst the residues arc being removed from the latter has not been 
avoided up to the present. It is generally assumc^d that the loss due 
te volatilisation of zinc owing 1o the above causes, amounts to halt of 
tlie total loss. The loss of zinc due to the remaining of metal in the 
^listillation residues in the retorts is also very high, seeing that thes(‘ 
contain 2 to 8 jut cent, of zine. This loss is greater, the less the 
zinc conienis of the oie, lii Upper Silesia, where the average 
proportion of zinc in the ore tieated amounts to 20 per cent., the 
retort residues are not allowed to retain more than 3 to 4 per cent, of 
zinc ; whilst in Belgium and the Rhine Pn)vinces, where the ores 
average 4o per cent, of zinc, it may average 4 to o per cent. The 
zinc which enters the retorts in the form of sulphide is not reduced, 
and therefore increases the zinc contents of the residues. Dead 
roasting of zinc blende is therefore an indispensable condition lor 
good working. In spite of the very high losses of zinc which still 
obtain, the advances that have been made towards their diminution 
deserve recognition ; and it must not be forgotten that whilst in 
tlie Rhine Provinces, Belgium and Westphalia, where retorts and 
small muffles are used, treating ores with 45 per cent, of zinc, the 
loss of zinc with good working formerly amounted to 18 to 22 per 
•cent., at present it does not exceed 12 to 13 per cent. On account of 
the poorer ore treated in Upper Silesia, the losses in that Province 
are naturally far higher than on the Rhine or in Belgium. If the 
zinc contents in the distillation residues be assumed as averngiug 4 
per cent., as is the case on the Rhine and in Silesia, the ores of the 
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Rhine containing 40 per cent, of zinc ivould thus lose 10 per cent.» 
whilst in Upper Silesia, where the charge contains a minimum of 1 8 
per cent., the loss would amount to 23 per cent. 

Data for Calciilathuf the Coat of the Distillatimi of Zinc 

The costs of zinc distillation comprise the costs of fuel, clay, 
wages and repairs. Under the Belgian metliod, ores containing 50 
per cent, of zinc are treated, and with a charge of G3 lbs. pei retort 
3 to 4 tons of coal are at present consumed per tun of zinc, whereas 
the consumption formerly amounted to 7 to 8 tons. The consump- 
tion of fireclay amounts to 4 cwts. per ton of zinc, including the clay 
required for retorts, adapters, firebricks and furnace lepairs. One 
man is required per 24 hours to each 14 retorts, or 5*8 men to the 
ton of zinc. In the Belgo-Silesian process, with several tiers of 
small muffles one above the other, taking charges of 75 lbs. f»er 
muffle, in Belgium, the Rhine Provinci s and Westphalia, ores with 
40 to 50 per cent, of zinc consume the same amounts of coal and 
fireclay per ton of zinc as in the Belgian furnace. One man is 
required per 24 hours for 13*3 muffles, or 4*8 men to the ton of zinc. 
In the Belgo-Silesian process, with large muffles lying in one row, 
and taking charges of 227 lbs. each, the ores averaging 20 per cent, 
of zinc, the actual consumption of coal used per ton of zinc, includ- 
ing that required for reduction, amounts to 10 tons, of which 7 are 
consumed in heating. The consumption of clay is somewhat less 
than in Belgium and on the Rhine, being about 4 cwts. per ton. In 
24 hours 1 man is required for every J3*G muffles, or 4*5 men for 
1 ton of zinc. With regard to the labour required about the furnaces 
of the various systems, it must be remembered that after the furnace 
has been emptied, cleaned and re-charged, which takes place once 
in 24 hours, it also requires firing, and wheeling in ore and coal, as 
also wheeling out the various products and residues. Emptying, 
cleaning, and le-chargiug the muffles of a furnace takes, for example, 
G to 8 hours for a Belgo-Silesian furnace, so that the working time 
of the actual furnacemen does not much exceed this period. A 
Belgo-Silesian furnace block, containing 200 to 240 retorts, would 
rcciuire, for example, per 24 hours, 12 to 14 furnacemen working G 
to 8 hours each; 2 firemen, 1 per 12 hours; 2 helpers, 1 per 12 
hours; and 1 labourer for wheeling in and wheeling out various 
materials, working 12 hours. This makes 17 to 19 workmen for 
240 retorts per 24 hours, or 1 man for 12*6 to 14 retorts. The 
conditions in Belgium and Upper Silesia are somewhat similar. 
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EXTRiLCTION OF ZiNC FROM FURNACE PRODUCTS 

The furnace products rich in ziuc which form the object of zinc 
^extraction are the following Zinc fume zinciferous flue 

dust ; residues from the adapters and distillation apparatus ; so-called 
furnace calamine, or furnace accretions and deposits containing zinc, 
which form when lead, copper, silver and iron ores containing zinc 
are smelted; zinciferous skimmings, and calcined zinciferous silver 
ores. Among the bye-products may be named zinc-silver alloys, zinc- 
lead-silver alloys, and zinc-copper-lead -silver alloys. As a rule these 
substances, with the exception of the various alloys of zinc with lead 
and the noble metals, from which the zinc is obtained as a b 3 'e-pro- 
duct, are added to the charge during the zinc distillation, if necessary 
bfter undergoing suitable preparation. The above substances are but 
rarely treated by themselves in the retorts of zinc distillation furnaces, 
as a less pure zinc would thus be produced. Zinc fume is treated in 
some works in special furnaces for the extraction of zinc ; ziuc fume, 
or poussi&re, is pulverulent metallic ziuc, which generally contains 
certain amounts — H to 10 per cent. — of oxide of zinc, as also cadmium, 
arsenic, antimony, lead and other substances volatilised from the 
charge of the zme distillation furnace. The zinc oxide mixed with 
it is due to the action of air and moisture upon the finely divided 
metallic zinc at the commeuceinent of the process of distillation. 
This zinc fume is found in the adapters, nozzles and other condensing 
arrangements of the distillation furnace. It is generally added to 
the charge of the distillation furnace in such proportion that its 
impurities may be distributed over large quantities of zinc, and thus 
have a less injurious effect upon the properties of the metal. On 
account of its easy reducibility, it is treated in those vessels which 
arc least exposed to the action of heat. If zinc fume is treated by 
itself in distillation furnaces, zinc of an inferior quality is obtained, 
which is either mixed in with larger quantities of pure zinc, or is 
sent into the market as ziuc of an inferior quality. In this case the 
zinc fume is charged either into the less strongly heated vessels in the 
* distillation furnace — that is to say, in tho case of Silesian furnaces 
with several tiers of muffles into the lowermost muffles, or in the case 
of single Belgian furnaces into the topmost tier — or else it is treated 
when considerable quantities have accumulated by itself in ordinary 
distillation furnaces, the vessels in which, in this case, are charged 
for a certain time with zinc fume alone. 

According to Massart,! at the works of the Nouvelle Montagne at 

* Rlv. Vmvtrn, thb .V»n<s, vol. xxx., p. 201. 
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Engis, in Belgium, there were produced during a 38 day cain|>aign 
•of the distillation furnaces from 43 tons 16 cwts. of zinc fume, con- 
taining 81 per cent, of zinc, S3 tons UJ cwts. of crude zinc, with a 
loss ot zinc of 5 per cent., and a consumption of 3,220 cubic feet oi 
coal for fuel, and 537 cubic feet for reduction. The furnace treated 
24 cwts. of zinc fume and 14 cubic feet of coal in 24 hours. Before 
charging the furnace was cooled down to a dull red heat ; during 
the distillation the fire was kept moderately low in order to prevent 
the charge from becoming pasty, as happens when tho'^eiuporaturo 
'is higher. The condensed zinc was removed 7 times per day from 
the adapters ; in order to prevent zinc from running out from the 
adapters, the nozzles had to be removed from the latter, and they 
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were plugged by means of clay. A. special method of extracting zinc 
from zinc fume, Inch has, however, been given up at the present 
day at most zinc works, consists in melting the zinc out of the 
fume in the so-called Montefiore furnace. This can be done by pres- 
sing together at a moderately high temperature the separate fluid 
particles of zinc, when they unite to a fluid mass, only retaining 
small quantities of oxide of zinc, whilst the greater portion of the 
oxide is separated out. The melting is performed in furnaces con- 
taining two rows of vertical inufiies made in the shape of a boot open 
at the toes. After the zinc fume has been charged, a clay piston 
attached to an iron rod is inserted into the leg of the boot. By the 
pressure of this piston upon the heated zinc fume, fluid zinc is 
•expressed from it, and flows out through the openings at the toe of 
the boot. The construction of these furnaces, known as the Monte- 
flore furnace, after their inventor, is shown in Figs. 140 and 141, in 
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which t are the clay boots, which are disposed in two rows in the 
interior of the furnace, and separated by the partition wall s. These 
boots are 28J inches high, 7*2 inches inside, and 0^ inches outside 
diameter. The heating chamber is G feet 8 inches long, 3 feet o 
inches broad, and 28^ inches high ; u are the movable clay pistons 
8] inches higli and 0] inches in diameter, and w/ are the iron rods 
to which they are attached ; o are the openings through which the 
zinc runs out or can be tupped out from the boots ; r is the grate 
.■) feet 8 inches long and 18J inches wide, from which the flame 
t*iiters the furnace chamber through openings 3 indies wide, and 
after having surrounded the boots, escapes through the flue : into the 
stack V, At the »Silesia Works in Upper Silesia a furnace was 
heated, not by a separate gratis but by the spare heat of the zinc 
distillation furnaces. The number of boots in a furnace varied from 
8 to 12, there being 12 in the Figure shown above. The charge foi 
a boot amounts to about 44 lbs. of zinc fume. After heating for 3 
hours, the zinc will be in the fluid condition. Pressure is now 
applied, whereby the zinc is collected in the bottom of the boot and 
can be tapped out through the above-named ojumings. At Corphali<*, 
in Belgium, a furnace of this kind treated from 14 to 18 cwts. of 
zinc fume in 12 hours, with a consumption of llfl to loo cubic feet 
of fuel, and a zinc extinction equal to 85 to 80 per cent. At the 
Silesia Works, the output of zinc in Montefiore furnaces heated by 
\vaste heat amounted to 8o to 80 per cent. Zinc obtained from the 
Montefiore furnaces is exceedingly brittle in consequence of the 
amount of zinc oxide Avhich it contains. For this reason the treat- 
ment of zinc fume in these furnaces has been given up in most works 
in favour of its treatment together with zinc ores in the distillation 
furnaces. 

Zinciferous flue dust is also added to the charges. Should it^ 
however, contain considerable (piantities of lead, it may be treated 
with sulphuric acid in order to obtain the zinc in solution in the form 
ot white vitriol, whilst the leady residue is smelted for lead. 

The residues from the adapters of the distillation vessels as also 
the residues from the Montefiore turnaces, which consist essentially 
of zinc oxide, are either added to the charges in the ordinary distilla- 
tion furnace, or else treated by themselves in the topmost tiers of 
retorts in Belgian furnaces. 

The residues fiom the distillation vessels, I’etorts, or muffles contain 
1 to 10 per cent, of zinc. In many cases they are submitted to a 
process of dressing, whereby a concentrate rich in zinc, a portion of 
unused reducing agent, and if the charge contains lead, lead also, are 
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obtained ; the enriched zinc concentrates are added to the charge for 
distillation. 

Furnace calamine is also added in suitable proportions to the 
ore charge, after having been broken small 

Skimmings rich in zinc are treated in the same way, or are distilled 
together with zinc fume and the residues from adapters and vessels. 

Calcined silver ores rich in zinc are treated in the same way as 
calcined zinc ores. 

Alloys of zinc with lead and silver or gold arc obtained when 
silver is extracted from work-lead by means of zinc. The zinc is 
recovered from these alloys by heating it to above the boiling point 
of zinc in retorts made of a mixture of clay and graphite, and by 
collecting the volatilised zinc in adapters. This method of zinc 
extraction has been fully explained under the head of the extraction 
of silver by means of zinc, Vol. i., p. 540. 


Prod'mts of the Reduction Proem 

The products obtained in the processes of reduction are zinc, zinc 
fume, and residues from the adapters and distillation vessels. 

Refining of Zinc 

Zinc as raked or tapped out of adapters, or as removed in the form 
of solid zinc from the collecting chambers of the old Silesian furnaces, 
is but rarely pure. It generally contains considerable quantities of 
lead and iron, together with mechanically enclosed impurities. As 
these interfere with its extensibility, zinc which i-4 intended for rolling 
must bo freed as far as possible from these substances. This zinc, 
known as work-zinc or crude zinc, cannot be refined by an oxidising 
fusion, as is done in the case of silver., copper and lead, on account of 
the great affinity of zinc for oxygen. It may, however, be purified by 
slow remelting and allowing it to stand for a considerable time in the 
molten state. Under these circumstances the mechanically enclosed 
impurities which are lighter than zinc come to the surface, and can 
be removed as skimmings, together with a portion of the zinc oxide 
formed, whilst lead, as far as it is not alloyed with the zinc, and iron 
settle to the bottom in consequence of their higher specific gravities. 
The purified zinc can be ladled ofiP from above the lowest portion of 
the bath of metal which contains the lead and iron, or this bottoip part 
can be removed from the bath by means of an archimedean screw. 

N 
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Aooording to the temperature zinc will take up diflferent quantitiee 
of lead ; Roessler and Edelmann found that it will take up 5 6 per cent, 
at 650® C., whilst it takes up only 1'5 per cent, at its melting point. 
The latter amount cannot therefore be removed from the zinc by 
allowing it to settle. As most zinc ores contain lead, zinc containing 
a certain amount of lead will thus always be obtained in spite of 
refining. Work-zinc obtained in the solid state, as in the case of the 
old Silesian zinc furnaces, and as used to be the case with the 
English zinc furnaces, has to be remelted in order to cast it into 
moulds. During this remelting, which is performed m paiib made of 
cast-iron or clay the impurities of the zinc separate out. To promote 
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this operation, the molten zinc is stirred from time to time. Tlie 
skimmings (zinc ash), which form upon the surface of the bath ot 
metal, and which consist of a mixture of the separated mechanical 
impuiities with oxide of zinc and metallic zinc, are removed by 
means of a perforated ladle. The zinc is finally cast into iron moulds, 
whilst the bottom portion of the metallic bath which is rich in lead, 
IS ladled out separately. Cast-iron pans are open to the objection 
that they contaminate the zinc with iron, and thus make it brittle 
As a general rule, reverberatory furnaces with clay hearths should be 
used for the refining of zinc, as is done, for example, at the larger 
works ^f Upper Silesia, the zinc in which contains 1'75 to 2 5 per 
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cent, of lead. The construction of such a furnace is shown in Figs. 
142 and 143.^ The inclined hollowed hearth is made of loan claj 
rammed upon the brickwork of the furnace, and terminates in a 
sump/; g is the charging door through which the zinc which is to be 
melted, is introduced into the furnace ; A, h arc the fire-grates ; t is an 
opening through which the purified zinc is ladled out. The flame 
traverses the furnace longitudinally and rises above the sump, passing 
thence to the stack. The waste heat is generally utilised for nirarming 
the chambers in which the zinc that is to be rolled, is heated. 
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Another form of furnace provided with only one grate is shown in 
Fig. 144. B is the grate, s is the bed of fire-clay, t is the sump, it, is 
the door through which the metal is ladled out, v is the flue, w are 
chambers heated by the flame, in which zinc bars and sheets can be 
heated ; ii; is a flue leading to the stack. At the flue end of the 
furnace there is a partition wall descending into the bath of metal in 
order to keep the air away from the latter. The opening for the 
introduction of the zinc into the furnace is at one side of the fire- 
bridge in a longer side of the furnace. The hearth is 16 feet 5 inches 
long and 6 feet 6 inches wide ; the lowest point of the hearth is 1 foot 
8 inches below the door out of which the metal is ladled. Such a 
furnace usually contains from 28 to 30 tons of zinc, and is capable of 
refining 9 to 10 tons in 24 hours, with a consumption of 18 cwts. of 
coal. A furnace similar to that first described, at the Hohenlohe 
Works, near Kattowitz, such as is used in most of the works 
* Btrg, und HiUt, Ztg,, 1873, p. 290. 

N 2 
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in Upper Silesia, is shown in Figs. 145 to 147, 145 being a 
longitudinal section, 146 a horizontal section, and 147 a cross section 
of the furnace, the length of which is 19 feet 8 inches and its width 
10 feet 6 inches ; r, r are the two grates , between them is the flue k, 
inclining towards the hearth, in which the zinc to be refined is 
charged. From this it flows, as soon as it is melted, down the 
inclined surface of the hearth, to the sump s. The flame traverses 
the furnace lengthways ftoin the grate and escapes through openings, 
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o, in the roof of the furnace, into flues leading to tlie stack E, Such 
a furnace will contain 30 tons of zinc 

In order to avoid oxidation the zinc must be melted at the 
lowest possible teinperatuie, and very gradually, whilst the flame is 
kept as reducing as possible. Wlien the furnace has received its 
full charge of molten zinc — 20 to 30 tons of zinc— which takes place 
after two or three days, the ladling out of the metal commences, as 
much fresh zinc being charged in as is ladled out, say 9 to 10 tons in 
24 liours. From the metal bath, which is thus kept at a constant 
level, the lead first deposits, followed by the iron, which forms with 
the zinc and a portion of the lead a difiQcultly fusible alloy, whilst 
the zinc forms the topmost layer. By means of a suitable tool, 
the pure zinc, the hard zinc, and the lead are easily distinguishable 
from each other. If an iron rod is slowly lowered into the metal- 
lic bath in the furnace, the mass feels soft as far as the molten 
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zinc extends ; when the bar is forced further in, the mass feels hard, 
somewhat like ice at its melting point. This is the layer of hard 
zinc. Below this the soft layer of molten lead is reached. The 
mechanical impurities, which have a lower specific gravity than the 
zinc, separate out upon the surface. After the zinc has been 
skimmed, it is ladled out from the bath in cast-iron ladles m«Mle as 
thin as possible, and is cast into moulds in the form of bars ; in this 
form it is known in the trade as Spelter. If the zinc is to be 
rolled, these bars must be kept heated up to 130°-'C. When 
properly worked, the quantity of skimmings does not exceed I^ per 
cent, of the zinc charge. If the temperature is too high, a mixture 
of zinc oxide and fluid zinc known as hurin;t zinc forms upon tht^ 
surface of the bath of metal. For the removal of antimony and 
arsenic from the zinc, L’h6te ^ proposes the addition of chloride of 
magnesium during the fusion, which is said to remove the above 
metals in the form of chlorides. Richards ^ recommends the addition 
of aluminium to the molten metal for tne purpose of separating the 
impurities from the zinc. He claims that by this means the 
impurities, with the exception of lead, separate out at the surface. 

From time w time, generally once a week, the bottom layer of 
zinc containing lead and iron, which has accumulated in the sump, 
must be removed from the latter. In this case, the whole of the zinc 
in the furnace is first ladled out, and then the impure bottom zinc 
removed, or else the bath of metal is left in the furnace and the zinc 
at the bottom is drawn out by means of a tube provided with an 
archimedean screw, or by means of jan iron cylinder with a hole in the 
bottom, or again by means of an open clay tube, the bottom edge of 
which is notched, and which is inserted in the furnace before the 
commencement of the operation. The latter method allows the 
refining process to be carried on continuously, and is preferable to 
the two former. The first-named piece of apparatus consists of an 
iron tube or casing in which an archimedean spiral works. This 
tube is provided at its upper end with a spout through which the 
molten metal flows off, whilst the bottom end rests upon feet, 
the spiral being turned by means of a crank. The apparatus is 
inserted through openings, left for that purpose in the furnace, into 
the sump, and the handle is turned, whereupon the bottom layer of 
zinc rises in the tube and flows out through the spout ; this apparatus 
is employed, for example, at Lipine. The second-named piece of 
apparatus consists of a cylinder with a hole in the bottom, this hole 
being plugged with clay. If the cylinder is lowered into the sump, 

^ Comptea Rendus, 98, p. 1491. ^ American Patent, 4^,802. 
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and the hole in the bottom then opened, the impure zinc at the 
bottom rises into the interior of the cylinder and can be ladled out of 
it. The third piece of apparatus consists of a bottomless tube of fire- 
clay, the lower edge of which is notched. It is placed in the furnace 
before the leady zinc commences to separate, and is < left in it during 
the whole course of the operations. The impure zinc passes into the 
tube through the notches and is ladled out from it as soon as it 
reaches a certain height. This apparatus is in use, for example, at 
the Paul and Wilhelmina Works in Upper Silesia. 

The consumption of coal in refining amounts to 7| to 10 per cent, 
of the weight of the zinc melted. At Lipine, 9 tons of crude zinc, 
containing 21 per cent, of lead, are melted in 24 hours, refined zinc 
with 0*75 per cent, of lead being produced. At the Hohenlohe 
•Works 10 tons are melted in 24 hours, or 5 tons every 12 hours, 
containing 3 to 4 per cent, of lead, the refined zinc containing 98*87 
per cent, of zinc, 1*07 per cent, of lead, 0 02 per cent of iron, and 
0*04 per cent, of sulphur. The following table of analyses shows 
the impurities in the zinc (Spelter) produced at various works — 


WoKKs OK South wkst Missolkj (\rfoKi)iN(i to Tack) 




Pb 


1 

0 0701 

11 

0 (HH>1 




Fe 


0 7173 

0 2863 




Ah 


0 0603 

o*or)9(> 




Sb 


0 (mo 






Cu 


0 1123 

0 0013 




S 


0 (N)35 

0*0741 




Si 


0 0346 

0 1374 




c; 


0 1775 

0 0016 






Ijchigh, N J 

l*»Sh 111 , >1 I 

Ikthlbhoin, Pa 


Zn 



99 378 

— 

_ 


Cu 



0 530 

_ 

_ 


Pb 



. — 

0 027 



Fo 



0 041 

0 020 

0 0405 


ca 



0 078 

_ 



Si 



— 

— 

0 2390 





Uiiketigniig Uoikrt 

Cilh 

Toll unilstbal 





(Stollxig) 

(Styni) 

(( iniKiki) 


Pb 



1 460 

0 3230 

0*536 


Fe 



. 0*022 

0 02.53 

0 018 


ca 



. 

- 

0 060 




Oonig Workf*, Recke works Sagor Works, 

(Upper SlleHin) (Upt»er Sileida) (Austria) 




I 

II 

I 

n 

Pb 



1*4483 

1*7772 

1*1021 0 633 

0*541 

Fe 



U0280 

0*0280 

0-0238 0-032 

0-010 

ca 



0*0245 

— 

0 054 



Cu 



0 0002 

— 

0*0002 trace 


Ag 



0*0017 

trace 

0*0007 trace 



Sb 



— 

trace 

trace — 

trace 

Bi 



— 

— 

trace 



S . 



tiuce 

00020 

trace trace 

— 
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The purest zinc is what is known as Bertha spelter, produced at 
Pulaski, Va., from ores containing 47*61 per cent, of oxide of zinc, 
29*37 per cent, of silica, 9*23 per cent, of ferric oxide and alumina, 
4*54 per cent, of calcium carbonate, 2*7 per cent, of magnesiuiu 
carbonate, and 8*23 per cent, of water. The zinc produced contains 
99*981 per cent, of zinc, 0*019 per cent, of iron, and a trace of lead 
and silver.^ 

The impure bottom zinc, produced in refining, which contains 
considerable quantities of lead and iron is submitted edther to dis- 
tillation or to electrolysis, or else it is sold to silver works for the 
extraction of silver from argentiferous lead. 

Skimmings rich in zinc, known as zinc aftJtcs, are added to the 
charge in the processes of zinc distillation. A considers bio portion of 
zinc, up to 60 per cent., can be licpiated out from this substance by 
dusting salammoniac over it before it is drawn out from the furnace, 
or by heating it in a reverberatory furnace, after the zinc has been 
removed, and stirring salammoniac into if, { pound of the latter being 
used to 100 pounds of zinc ash. 

Zinc fume, pousBUro, contains the various volatile substances that 
are present in the charge for zinc distillation. The proportion of 
zinc oxide varies within very wide limits according as the zinc vapours 
have been burnt or not, or according as the zinc fume has been 
exposed for a longer or a shorter time to the air, the latter having an 
oxidising influence upon finely divided metallic zinc. The following 
analyses show the composition of various kinds of zinc fume .* — 


Zn 

ZnO . 

Fe 

Pb . . . , 

Cu . . . . 

Cd . . . . 

Ah . . . 

Sb 

S 

Carbon ... 
Insoluble residue 


Borbeck at Eohoii. 

. . . . 97-82 

! ’ 016 

... 0-23 

• * I 0-08 


Csmmdolot WorkH, 
(MlBSouri). 
29-899 
67-740 
2-052 
trace 
trace 

0-321 

0- 372 
0-026 

1 - 221 
9-608 


Zinc fume from the collecting flues of the Silesia works (Lipine): — ® 

ZnO 54-45 = Zn 43*72 

CdO . . 3*62 = Cd 3-17 

pbO . . 12-34 = Pb 11-50 

SO, 3-86 

Fe^O, and residue . 25-72 

1 Moxham, Mg. Min. Journ., November 25, 1893. 

^ Kossmann, Preui. Miuwt, ZeitHchr.f 1883, pp. 236, et seg. 
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Mrat zinc fame 

Averntce zinc Anno 


ftrem the Theresia 

from the Silesia 


Works, Upper 
Bllcflls.i 

Walks, Upixir 
tiUvHluJ 

Zn 

ZnO 

. . . 80*00 1 
. . . 8'.324|- 

Vn Qfl 84*4(5.5 

Zn 86 684 

C(1 

1*651 

2*6.54 

Pb 

. . . 2*018 

4*276 

Fe 304 ... 

. . . 1*022 

0*903 

A1 . . . . 

. . . 0*2(K) 


Mn 

. . . 1*815 

— 

(JaO 

. . 2*»i4 

2*464 

MgO 

. . . 0 (575 

0*2.39 

Residue 

. . . 1*0*J» 

0*120 

(Containing carbon 

. . . 0*2:50) 

— 


Zinc fume deposited iu the dust dues connected with Kleeman 
adapters at the works of V. Giesche, Upper Silesia: — - 


ZnO ss-'jo 

OdO 1^40 

PbO 4-44 


SOj, ... . 4-l‘> 

MrisO^ . . O-Ofi 

Ft‘^Oj,uncl rc'suliie 1*50 


Dust deposited by water-spray in the flues, towers nnd chambers 
leading from a Dagner adapter : — 

ZnO (50 — 94 pn* cent. 

CdO .... 1 '(58—7*11 

PbO . . 3*70— 4*29 

FejjO, . ... ()'r)()-3'87 

Sand l'16~3'4.’> 


The treatment of zinc fume has been explained on page 174. If 
it contains cadmium in workable proportion, it is used for the 
extraction of this metal. It is also employed, under the name of zinc 
gray, as a paint, especially for iron. Finally, it is employed as a reducing 
agent for the reduction of such substances as indigo, nitrobenzol and 
nitric acid in chemical factories and laboratories. It is also used for 
the preparation of hydrogen by heating it with slacked lime. The 
('hemical change that takes place is said to be the following : — ^ 

Zn + Call202 = ZnO + CaO -h Hg. 

The residues from the adapters are treated as above mentioned. 

* The residues from the vessels used for distillation are treated as 
mentioned above on page 176, if they are suflBciently rich in zinc, 
otherwise they arc thrown away. In many cases they are used for 
road metal or in the preparation of mortar. 

> Kosmann, Preusn. Minitit, Zeifachr,, 1883, pp. 234 et aeq. 

* Hteger, Zeitach, d. Oherachiea, Berg, vnd HiUt, Ver. 1885, p. 222. 

^ Sobwurz, Her. d. Devtarh, Chem, Qeaei.j 1886, 19,1140. 
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Experiments and Proposaj^s for the Improvement of the 
Dry Method of Zinc Extraction 

Ktirnction of Zinc in Shaft Fnrnaces 

Owing to the many shortcomings of tho present method of zinc 
extraction, attempts have long been made to replace the process of 
distillation in clay vessels hy distillation in shait fnrnaces These 
attempts have, however, been fruitless as regards the production of 
solid zinc. It would be useless to fully describe the various methods 
and proposals which have been made in this direction, as, for 
example, those of Dyar, Rochaz, Shear, Duclos, Schmelzer, Swindell, 
Broomann, Lesoinne, Adrien,^ Muller and Lancauchez,’ GilIon,’®Clerc,* 
Kleemann,^ Keil,® Westmanu ^ and Glaser.^ 

The whole of these have failed on account of tho difficulty of 
condensing the vapours, as has been <^hown by the most recent 
exhaustive experiments carried out by Hcinpel.^ Zinc vapours, 
which are mixed with considerable quantities of neutral gases, cannot 
be condensed by cooling to fluid zinc, because the zinc separates in 
a pulverulent condition. When shaft furnaces are employed for the 
production of zinc, the products of combustion, carbon monoxide and 
nitrogen, are necessarily mixed with the carbon monoxide produced 
by the reduction of oxide of zinc and with the zinc vapours. 
These latter are therefore diluted to such a degree that, when cooled, 
they will no longer condense to a fluid, but remain in the form of a 
fine dust suspended in the gases. Even when strongly heated air is 
employed for burning tho coke in shaft furnaces, no change is 
produced in the behaviour of tho zinc vapours, as has been shown by 
Hempel. In the present condition of science and technology, all 
attempts at the production of zinc in shaft furnaces must therefore 
be looked upon as presenting no probability of success. Pulverulent 
zinc readily oxidises in contact with the air, and therefore always 
contains certain quantities of oxide of zinc, as is the case with the 
above described zinc fume. Moreover, the oxidation of a portion of 
the zinc by the carbon dioxide and water vapours present in the fur- 
nace is also inevitable. By the employment of excess of fuel, by taking 
care that the charges and fuels shall contain neither water nor 
carbon dioxide, by the employment of ores which are free from oxide 

1 Berg, und Hm, Ztg., 1862, p. 324. » Ihid., 1881, p. 6. 

3 Ibid,, 1887, p. 83. ♦ 1>. R- Patent, No. 14,497. 

" Ibid,, No. 16,922. • Ibid,, No. 19,127. 

7 Ibid,, No. 48,449. " Berg, und Hutt, Ztg,, 1893, Nos. 41 and 42 > 
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of iron (the latter being reduced already in the upper half of the 
furnace by carbon monoxide, and thus producing carbon dioxide), and 
by the employment of heated air, these objections can nevertheless be 
considerably limited, as is, indeed, also the case in the process of zinc 
distillation in smaller vessels. 

Whilst it is thus impossible to produce solid zinc in shaft 
furnaces, it is nevertheless quite possible, as Hempel has shown, 
to produce zinc oxide in such a furnace and also pulverulent zinc 
containing only relatively small quantities of oxide. The shaft 
furnace therefore piescnta a means for producing bye-products rich in 
zinc for distillation in retorts. In this respect, especially as regards 
the formation of pulverulent zinc, it may be worth while to 
experiment further upon the shaft furnace. According to Hempers 
experiments, by the use of hot blast it is possible to obtain zinc 
futne very rich in zinc in the shaft furnace, and to separate it by 
means of centrifugal machinery from the gases. This zinc fume can 
be compressed into a very small volume by pressure, and this 
protects it from oxidation ; from the zinc dust so treated zinc can be 
ibtained both by distillation, without fhe addition of carbon, as also 
by means of electrolysis. Hempel submitted the compressed zinc 
dust to distillation, without adding carbonaceous matter, and 
obtained two-thirds of the fume in the form of metallic zinc of great 
purity. The residue contained oxide of zinc together with lead, 
silver, copper, &c., combined with oxygen and sulphur, which had 
been volatilised, together with the zinc, in the shaft furnace. 
Hempel used ziric-cokc for the shaft furnace charge, this material 
being produced by heating together ] part of zinc oxide, 3 parts of 
coal, and 0*05 part of caustic lime in a retort, and allowing the 
caked mass to cool with the exclusion of air. The shaft furnace was 
provided with an iron stove for heating the blast, and was 
constructed like a Sefstrum furnace. The gases, together with the 
zinc vapours, passed from the throat of the blast furnace into an iron 
tube, in which they were cooled down to 30° C. The gases were 
drawn off from the furnace and the zinc fume separated from them 
by means of a centrifugal apparatus, the construction of which is 
shown in Figs. 148 and 149. It consists of a wheel, A, with 8 vanes, 
which is driven by means of the grooved pulley, a, driven by a steam 
engine, the velocity being from 1,000 to 3,000 revolutions per minute. 
The wheel rotates inside a casing, B, which is again contained in the 
larger cylinder, C. The casing was open below, but closed above. The 
cylinder, C7, was closed below by means of a cone, and provided above 
with a removable cover, h. The gases and zinc vapour entered through 
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the tube c ; when it reached the interior of the machine, the dust 
was flung, by centrifugal action, against the projections of the casing 
By whence it dropped down into the conical portion of the cylinder c, 
where it was deposited and whence it could bo removed by moans of 
the spout e. The gases escaped through the tube d, and were made to 
traverse a bag in which the remainder of the zinc dust was retained, 
so that the gases escaping therefrom wore perfect^ free from fume. 
Tlie proportion of carbon dioxide in the escaping gases, whirii, as 
IS well known, decreases as the furnace temperature increases, and 
which amounts to under 1 per cent, ar a white beat, had gone down 
to 0*7 per cent. bi‘fore charging the zinc-coke furnace, and varic<1 
during the throe* hours that distillation lasted, between 1*S and 4 per 
cent, of the gaseous mixtuie. 

The zinc fume produced contained 72 to 90 per cent of zinc. It 
IS liable to oxidise rapidly in tlio air, and if charged 'n tlie pulverulent 



require the addition of carbon for the reduction of the zinc oxide, 
together with a very high temperature. In order to avoid this oxida- 
tion, it was compressed into blocks. According to the experiments of 
Hartig,^ a pressure of 30 atmospheres reduced it to 1 3’3 per cent, of 
its original volume, 100 atmospheres to 10 per cent., and 200 
atmospheres to 8*7 per cent. Accordingly, as a pressure of 100 
atmospheres can easily be produced by means of screws, levers or 
hydraulic presses, there is no di£Bculty in compressing zinc fume to 
one-tenth of its original volume. Hempel obtained, by the distilla- 
tion of this compressed zinc by itself, without any addition of carbon, 
two-thirds of the weight of the former in the form of very pure 
metallic zinc. In treating a charge to which ferric oxide and 

' Loc, cU. 
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argentiferous lead bad been added, Hempel obtained zinc fume con- 
taining 80 per cent, of zinc, which contained the whole of the lead and 
silver. The iron was obtained in the form of white pig-iron ; the 
slag left in the furnace contained 58*3 per cent of silica, 10*4 per 
cent, of alumina, 8 per cent, of ferric oxide, 15 per cent, of lime, 1*0 
per cent of zinc and 1*8 per cent, of sulphur. This zinc dust was 
also compressed and distilled without any addition of carbonaceous 
matter. Two-thirds of its weight were obtained in the form of pure 
zinc, together with a residue having the following composition: — 



. 41'0 
. 2-03 

. 0-6 


Zn 33-6 

S . . .8*1 

PbSandAgjS . 1*05 


No experiments have been published with respect to the 
* electrolysis of compressed zinc. It could be moulded into soluble 
anodes, and as the zinc is chiefly present in the metallic form, a 
considerable quantity of electrical energy would be developed by its 
solution, so that only a low current tension would be required. In 
consequence of the above experiments Hempel proposed the ex- 
traction of zinc from ores which contained considerable quantities of 
zinc in addition to lead and silver, and which cannot be separated 
by dressing operations into zinc ores on the one hand and lead and 
silver ores on the other. The process is to comprise the following 
operations : — 

1. The production of zinc fume in shaft furnaces. 

2. The compression of the zinc fume produced. 

3. The distillation or electrical reflning of the compressed zinc 
fume. 

The ore, after having first been calcined, has to be fritted, or, if 
coking coal is available, ground, without being fritted, with this coal, 
and then coked. If the ore is rich in iron, the iron must first be 
I'oduced, otherwise zinc vapours would be re-oxidised by the carbon 
dioxide produced in the upper part of the furnace, as occurs in iron 
blast-furnaces. The gases evolved from the furnaces, after having 
been freed from the zinc vapour, consist essentially of carbon mon- 
oxide and nitrogen, and are to be used for heating the blast or the dis- 
tillation furnace, and for firing boilers. On escaping from the furnace, 
the gases are first passed into iron tubes kept cool by exposure 
to the air, in which the former are to be cooled down to 50° C., and 
simultaneously to deposit a portion of zinc fume ; they then enter 
one, or a series of, centrifugal machines, which they traverse one after 
the other, in which nearly the whole of the zinc fume still retained 
is separated out. Hempel proposes the centrifugal machines shown 
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in Figs. 150 to 151. A is the fan, B the casing, C the cylinder. 
The fan is driven from below. It would be best, as is customary 
with centrifugal machines, to support the fan in a movable bearing 
with an india-rubber ring. If the speed of the fan for the separation 
of all the fume is found to be too high, it might be necessary to 
follow these machines by filters of sacking to separate out the last 
trace of zinc fume. 

In order to avoid the formation of zinc oxide, the furnace should 
be so worked that the proportion of carbon dioxide in the escaping 
gases should not exceed 4 per cent. The compression of the zinc 
fume is to be performed in two operations. The first pressure is to 
be applied by means of a machine in which a spindle with a rapid 
pitch screw is quickly employed, so as to produce a pressure of 10 to 
20 atmospheres, the final pressure being given by means ai a hydraulic 
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press. The distillation of the zinc dust, moulded into the form of 
cylinders, is to be carried out in retorts which are a trifle larger than 
the cylinders of zinc fume. Although these proposals of Hempel 
have not yet been carried out on a large scale, and practical results 
are therefore not available, they nevertheless deserve full considera- 
tion. With ores carrying considerable quantities of lead and silver, 
difficulties may be met with in practice, as, on the one hand, fluid 
argentiferous lead and a considerable quantity of slag rich in zinc 
would be formed in the blast furnace, whilst, on the other hand, the 
zinc fume obtained would contain considerable quantities of lead, the 
treatment of which in retorts presents difficulties. 

The production of zinc oxide, or of a mixture of zinc and zinc 
oxide, in shaft furnaces presents no technical difficulties, if the forma- 
tion of carbon dioxide by the combustion of the fuel is favoured by 
blowing an excess of air into the furnace, and, generally speaking, if 
an excess of air is present in the furnace. In the case of charges rich 
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in iron, the formation of carbon dioxide is promoted by the fact that 
ferric oxide is reduced to metallic iron at a low red heat by carbon 
monoxide with the formation of carbon dioxide. In these cases, the 
zinc would be reduced in the lower part of the furnace by means of 
the carbon present. The excess of air, together with the carbon 
dioxide present in the upper part of the furnace, would again oxidise 
the vapours of zinc as tliey rise up. This takes place, for example 
when ores of iron, lead, copper or silvei, containing zinc, arc smelted 
in furnaces of comparatively small height. That the reduction of 
zinc takes place without any difficulty in these cases, is proved by the 
method to be presently explained for the production of zinc white 
direct from the ores. It is necessary to cool down the zinc fume and 
^ to separate it from the neutral gases by means of dust chambers and 
filtering appliances. Of the shaft furnaces 
that have bi*en patented for the production 
of zinc oxide, not a single one, as far as the 
author knows, has bein used prfictically. 
Zinc oxide intended for reduction has, up to 
the present, only been obtained as a bye- 
])roduct when zinciferous ores such as frank- 
linite are binelted in shaft furnaces, or when 
zinc white is produced in furnaces with 
Wetherill grates (see the production of zinc 
white). 

As an example of a patented shaft fur- 
nace for the extraction of zinc oxide from 
ores, the furnace of llarmet may be men- 
tioned, although it also has not been used 
practically.^ The furnace, Fig. 152, has 
a closed top, a; by means of tuyeres, in the upper part 

of the furnace, as also by means of the tuyeres T, situated just above 
the bottom of the furnace, hot air is forced into the latter. The zinc 
i educed from the ores escapes in the form of vapour through the flues, 
?, into the chambers, Dy where it is completely oxidised by means of 
( old and moist air entering through the tubes, ty and is then to be 
collected in the form of zinc oxide in chambers. The residue, free 
from zinc, is to be fused into a slag in front of the tuyere T and to 
run out of the furnace. For the production of metallic zinc, which 
is, however, subject to the above-named difficulties, the furnace is to 
be made higher. In this case, the zinc vapours are to be conducted, 
at a certain pressure which prevents the entrance of atmospheric air, 
i D. R. Patent, No. 11,197. 



Fia iri'J. 



ZINC 


191 


through chambers filled with .charcoal, and then passed into con- 
densers. For the above-named reasons, here also zinc fume alone 
would be obtained. For the production of zinc oxide, furnaces with 
Wetherill grates are better suited than are shaft furnaces. 

Biewend has recently proposed the blast furnace for the decompo- 
sition of zinc blende by means of iron.^ The iron is to be added 
either in the metallic state or reduced from oxides charged for that 
purpose. The fuel and lerlueing agent for the oxide of iron is to be 
coke or charcoal. The zinc separated out in the gaseous form is to 
be conducted at a high temperature — 800" C. — into condensers filled 
with red-hot coke or charcoal and condensed therein to the liquid state, 
whilst the sulphide of iron formed by the decomposition of the sulphide 
of zinc, and the slags produced from the ashes of the hiel ami the 
impurities of the zinc blende, forming a silicate of lime and alumina, 
are to be tapped out of the furnace in the molten condition. The 
sulphide of iron can be converted into fi^rric oxide by calcination, and 
after being reduced can be used foi the decomposition of fiesh 
(quantities of sulphide of zinc. The gases, freed from zinc in the 
condensers, and which consist of nitrogen and carbon monoxide, arc 
to be used as fuel. The possibility of the decomposition of sulphide 
of zinc by iron in blast furnaces has been proved by the smelting of 
iron ores containing zinc blende. As, however, the zinc vapours 
formed are also diluted in this case by vapours of nitrogen and carbon 
monoxide, it is doubtful whether the zinc can be condensed to a liquid 
even by the employment of condensers filled with red-hot coal. That 
the condensation of zinc to a liquid may be possible to a certain degree, 
has been proved by the production of fluid zinc in th(3 so-called znik 
stnhl, in the old shaft furnaces of the lower Hartz, in which zinciferous 
lead ores were formerly smelted. If the condensation of zinc in the 
liquid state is not feasible, it would be necessary to be content with the 
production of rich bye-products. Hitherto no experiments have been 
tried on a large scale upon this process. 

The Extraction of Zinc in Beverheratory Furnaces 

The extraction of zinc in reverberatory furnaces has been attempted, 
but has always been attended with unfavourable results. Inconsequence 
of the oxidising action of the gases in these furnaces, zinc oxide was 
always obtained, but never the metal. Brackelsberg* attempts to avoid 
the oxidation of zinc by moulding a mixture of ground ore and coal into 

1 D. R. Patent, No. 81,358, August 7, 1894. 

^ D. R. Patent, August 27, 1893. 
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bricks, which he builds into columns in the laboratory chambers of 
reverberatory furnaces heated by producer gas, filling the interspaces 
between these columns by briquettes of coal or other carbonaceous 
fuel. The producer gas is to be burned by means of air introduced 
either by pressure or by draught. The fianies are to pass through 
vertical spaces, left when the briquettes are built up, from above 
downwards, into a condensing chamber built below the laboratory 
chamber of the furnace, and thence into the gas producer of a second 
furnace. By means of the flames, these briquettes are to be heated 
to the temperature of reduction of the zinc, the excess of carbon in 
the furnace reducing the carbon dioxide to carbon monoxide. In 
the condensing chamber blocks of metal cooled by water and coveretl 
with fireclay are distributed. The zinc is supposed to collect in the 
liquid form upon the bottom of this condenser and to be tapped off 
from time to time. Nothing is known up to the present as to the 
employment in practice of this furnace. Even though it might be 
possible to avoid the oxidation of the zinc, the zinc vapours would be 
diluted to a very great extent by the products of combustion of the 
producer gas and the nitrogen of the air, so that it would bo impossible 
to count upon the production of liquid zinc. As in the case of the 
shaft furnace, zinc fume would be formed ; the production of liquid zinc 
in reverberatory furnaces must therefore be looked upon as hopeless, 
as only bye-products rich in zinc could be obtained in them. 

Prcrpomls for the Improrement of the Contlemtttwn of Zinc Vapours 
when the Distillation Process is carried on I n Vessels 

As is well known, in the present method of zimj extraction the 
<‘ondensation of the vapours is the weakest point of the process. 
The greater part of the loss of zinc is due to the fact that a portion 
of the zinc vapours is never condensed at all, and that another portion, 
on account of its low tension as compared with atmospheric air, is not 
expelled from the retorts, but burns when the latter are emptied out. 
The condensation of zinc vapours is only perfect between the narrow 
temperature limits of 415“ and 650“ C. If the temperature of the 
Adapter, in which condensation takes place, is lower than 415“, the 
zinc passes from the condition of vapour direct to the solid state and 
forms a fine dust, which is in part carried of by the neutral gases. 
If the temperature exceeds 650“ C., the zinc vapours escape without 
being condensed. Imperfect condensation is due to the impossibility 
of regulating the temperature of the small adapters at present in 
use, which, in consequence of their close connection with the furnace, 
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necessarily fluctuates with every variation in the temperature of the 
furnace. Zinc vapours remain in the retorts at the end of the 
distillation, because on account of the present method of connecting 
retorts and adapters it is impossible to draw these vapours out of the 
retorts into the adapters by means of draught. 

L, Lynen, of London,^ has constructed a condensing chamber 
common to several adapters, which is to replace the present form of 


Stei tion onJiB Section on 




ri« 15 ^ 


FlO J'4 



Flo. I'ii. 


condenser and to avoid the above-named objections. Its arrange- 
ment is shown in Figs. 153 to 155. There are here two condensing 
chambers, 5, about which four separate furnaces, separately fired, 
are so arranged that one condensing chamber lies between each 
pair of furnaces. The furnaces are fired with gas, and have three 
tiers of muffles, a, one above the other. These are luted to per^ 
forated bricks, (f, which are so shaped that they connect the common 
condensing chamber with the back end of the muffle. The con- 

^ Zinc Dufi^ton vfith a Common Condensing Chamber, L. Lynen. London, 1893 ; 
August biegle, 30, Lime Street. 
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denser has a sump, e, from which tlie zinc can be tapped o£f, and 
a bath of zinc of a definite depth is always left in the condenser 
to regulate the temperature. For the same purpose, there is a row 
of tubes, r, through which air can be admitted into the condenser and 
thus cool it if required. It is connected by means of the flue / with 
the dust flues g, and with a dust chamber in which any zinc fume 
formed is collected. From this dust chamber the current of gases 
passes into a stack connected witli it. In consequence of the 
connection of retorts, condenser, dust chamber and stack, it is 
possible to draw any zinc vapour that may be left in the retort at 
the end of the distillation out of that retort by means of a light 
draught. The thickness of the walls of the condenser, the bath of 
zinc at the bottom, and the passage of air through the air tubes in 
case the condenser becomes overheated, arc supposed to make it 
possible to keep the temperature of the condenser within the requisite 
limits. The bath of zinc not only acts as a regulator, but promotes con- 
<lensation by surface attraction. Finally, it also admits of the lead 
separating out in the lower portion of the sump and thus forms a partial 
refining furnace. When the distillation is finished, the system is to 
be worked with a gentle draught in order to draw out the last traces 
of zinc vapour from the retorts ; as in this case air has to be admitted 
into the retorts, it is possible that a portion of the zinc vapours may 
be converted into fume. These proposals of Lynen would seem to 
deserve consideration, although nothing is known u}> to the present 
of any practical results obtained from tliein. 

PropomU for Improving the Materid atul Shape of tin Prsscis 

Steger^ has proposed to replace clay, on account of its many 
defects, by magnesia and to build fixed muffles from tiles made ot 
this material, wliich are to be much larger than the vessels at present 
employed for zinc distillation. According to his statements, magnesia 
conducts heat 2} to 3 times as well as clay, is impenetrable by zinc 
vapours, is much stronger than clay, and resists higher temperatures. 
The construction of the furnace as proposed by Steger in the above- 
named treatise is shown in Figs. 166 and 157, the first a longitudinal 
and the second a transverse section of the furnace ; a are three retorts 
built of magnesia bricks with arched roof and floor. Between the 
separate retorts there are flues rf, in which the producer gases are 
burnt by means of heated air, these gases being led by means of slots 
from the shafts c, into the flues d. The air for combustion is heated 
* PruMH, J/iuM. Ztitchr.f 1894, p. 16.3. 
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in the retort W, and then enters the Hues d. The products ol’ com- 
bustion escape through slots into the vertical tlue e, pass at the 
upper end thereof into the flue /, and finally through to the 
stack. Hereby tho bottom as well as the top of the muffle«% :ue 
completely surrounded by the flame. The retorts are charged and 
emptied at their back ends where they open out itito a vertical 
flue, ji The gases and vapours which escape during the charging 
and drawing rise up in this flue, whilst the distillation residues 
tall down wauls. The adapters, are at the front ^Dd.s of the 
retorts in a vertical chamber, /f, to the back- wall of which the 
letorts are secured air-tight There are no statements regarding 
the dimensions of the retorts. Their size and thioknp<«\ are to be 
calculated from the conductivity of the niagnosia, from the heating 
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capacity of the gas flues, and from the conductivity of the iiiateiial 
of the charge. The advantages of the magnesia vessels which 
are chiefly dwelt upon by Steger, are their great durability, the 
small loss of zinc during the operation, the possibility of charging 
them with ore in the finest state of division, the non-existence of any 
necessity for replacing retorts, greater durability of the adapters, and 
larger dimensions of tho latter, more rapid charging and drawing, 
and easier and more healthy work. With respect to the durability 
of these magnesia vessels, Steger is of opinion that they would last 
for several years, whilst clay muffles and retorts, on the other hand, 
only last on the average some 40 days. Steger*s furnace has been 
patented in the name of his partner, Francisci, in Schweidnitz.^ 
Experiments with this furnace are now being tried in Silesia. The 
magnesia bricks at first use I showed themselves to be very sensitive 

' D R. Patent, 76,285 ; Belgian Patent, 107,606 ; Bniinh Patent, No. 23,070 ; 
Austrian Patent, 44/3256 $ Amciioan Patent, .'>26,808. 
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to changes of temperature. According to communic.'itioiis from 
Dr. Steg6T» this difficulty is said to have been overcome at present. 
No conclusive opinion can be formed of the furnaces until they have 
been in work for some considerable time, which has not been the 
case up to the present. 

The Extraction of Zinc by the Combined Wet and Dry 

Methods 

The direct extraction of zinc by the w et method is not possible 
because zinc cannot be thrown down in the metallic form f^rom its 
solution by any metals that are permanent at ordinary temperatures. 
Apart from the separation of this metal by electrolysis, only com- 
pounds of zinc can be produced in the wet way, from which the zinc 
must be reduced in the dry way. The wet method of zinc extraction 
can therefore only be looked upon as an auxiliary process fur the dry 
method, in which the zinc is obtained from ores and metallurgical 
products in the form of aqueous solutions, from which compounds of 
zinc can be obtained that can be conveited into oxide. The reduction 
of the oxide to metallic zinc is performed in the dry way. The com- 
bined wet and dry way of zinc extraction has, however, up to the 
present been found to be too dear for practical purposes. Zinc has 
been extracted from poor ores and furnace products by means of 
sulphuric acid, hydrochloric acid, ammonia, ammonium carbonate, 
inaguesiuin chloride, calcium chloride, carnallite, and by a chloridising 
roasting followed by leaching of the chloride of zinc so formed, the 
products being solutions of zinc sulphate, zinc chloride, ammonio- 
zincic hydrate, and ainmonio-zincic carbonate respectively. Zinc 
oxide has been produced from the solution of the sulphate by evapo- 
rating the latter and heating the zinc sulphate obtained, sulphuric 
anhydride and sulphurous oxide and oxygen being given off. The 
process has not, however, been employed upon a large scale. 

Parnell proposes ^ to obtain zinc sulphate by treating calcined ores 
containing zinc oxide with sulphuric acid, to evaporate the sulphate 
solution until it commences to thicken, then to stir sulphide of zinc 
into the mass, and to heat the mixture in a muffle furnace. Sulphur 
dioxide, which is to be used for the manufacture of sulphuric acid, is 
said to escape while zinc oxide is formed, in accordance with the 
equation : — 

SZnSO^ + ZnS = 4ZnO -h 480^ 

This reaction is probably very imperfect, as it is not possible to 

' Karnfhner Ztechr,, 1881, p. 32. 
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convert the whole of the zinc into zinc oxide. This proposal has not, 
therefore, found any employment. 

W. Marsh has proposed to precipitate zinc hydrate from a solution 
of the sulphate by means of magnesia. On account of the high cost 
of magnesia, this process cannot be employed upon a large scale. By 
beating zinc sulphate with carbon upon a large scale, zinc oxide is 
only incompletely formed. 

Zinc chloride can be obtained by the treatment of bodies con- 
taining the oxide or carbonate of zinc with hydrochlonc acid, 
magnesic or calcic chloride, or with camallite, or by the calcination 
of zinc blende with common salt ; and zinc oxide can be obtained 
cheaply by treating the solutions so produced with milk of lime. In 
addition to zinc oxide or hydrate, zinc oxychloride is also formed, 
and this method for the production of zinc oxide has been found to 
be unsuitable for operations on a large scale. 

Of the salts of ammonia, carbonates show the greatest capacity 
for dissolving zinc oxides from ores and products,^ having con- 
siderably greater dissolving powers than has ammoniacal liquor. The 
most suitable solutions are those containing 7 to 8 per cent, of 
ammonia and 7 to 8 per cent, of carbon dioxide. By distilling oil* 
the ammonia and the greater part of the carbon dioxide, the zinc can 
be separated as a basic carbonate, whilst the solution is regenerated 
with the exception of a certain quantity of carbon dioxido which has 
to be replaced. The basic zinc carbonate can be converted into oxide 
by heating. This method is too expensive for the extraction of zinc 
from poor ores, and has therefore only been used for the extraction of 
zinc oxide from argentiferous metallurgical products. 

Although, therefore, the combined wet and dry method of zinc 
extraction from poor ores has not yet passed the experimental stage 
for the reasons above stated, it has nevertheless come into tise in 
tliose cases in which the object is not the extraction of metallic zinc, 
but the separation of zinc from other valuable metals and metallic 
compounds, and the conversion of the zinc into a bye-product in the 
form of merchantable compounds such as zinc vitriol, zinc chloride, 
basic zinc carbonate or zinc white, as also for the production of zinc 
salts from residual products containing zinc. Where and to what 
extent the wet method may in the future find employment as an 
auxiliary process to the dry way for the production of compounds rich 
in zinc from ores or artificial products poor in zinc cannot at the 
present day be decided. Stahl ^ has determined by a series of experi- 

^ Schnabel, Preusa. Ztafhr,, vol. xwiii. 

* /itry/. umI Hdtt, ZUj,^ 1894, p. 1. 
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M what extent the zinc contained in burnt pyiites can be 
into chloride by chloridising roasting, and what proportion 
nine volatilises in this process. The zinc is contained in the 
burnt ore as sulphide, sulphate and oxide. It was not found possible 
to convert the zinc in pyritio residues containing 7 to 11 per cent, 
of zinc completely into chloride by a single chloridisiug roasting 
even although pyrites was added, which greatly promoted the forma- 
tion of sulphate. On the other hand, the chloridising of zinc was 
almost complete when the once roasted and then leached ores were 
submitted to a second chloridising roasting with the addition of 
pyrites. Only 2 to 3*5 per cent, of zinc volatilised during calcination 
in the form of zinc chloride, which uras caught again in condensing 
towers. 


The Electrolytic extraction of Zinc 

The electrolytic extraction of zinc is quite modern. Up to the 
present the extraction of zinc in the wot yitty only has been the 
object of continuous energetic experiments, and, in fact, in some 
cases the process has been actually employed upon a working scale. 
The extraction of zinc in the dry way by the electrolysis of molten 
compounds of the metal has not yet been attempted on a working 
scale, although propositions in this direction are not wanting. We 
have first to consider the electrolytic extraction of zinc in the wet 
way, and then the ])ioposals for its electrolj’tic extraction in the 
dry wav. 

T/i( Eluirohjiit E.^tractim of Znic in flit JH/ IVoi/ 

As far as is known, experiments with this object wore first made 
at the end of the seventies by Luckow in Deutz, and at the com- 
mencement of the eighties by Letrange, of Paris, ivithout their 
experiments leading to any satisfactory results. They w'ere not able 
to obtain the zinc in compact fusible masses, but only in a spongy 
form, in which condition it cannot be melted, but burns at the tem- 
perature required for the fusion of zinc. This also happens even 
when the zinc sponge is first compressed, and then introduced into a 
bath of molten zinc. At the same time, the tension of the electric 
current required to decompose the electrolyte is a comparatively 
high one, namely, 2^ to 4 volts. Although there are still various 
opinions as to the reasons that cause the zinc to separate in the 
spongy form, continual experiments have at present attained the 
result that^ compact pure zinc can now be obtained by means of 
electrolysis on a large scale, and that this can readily be re-melted. 



Up to the preeeatj' howevea^, thei of ditic 60m eioo ores 

proper l;^ electrolysis hes not been employed Du a werkiag scale 
on account of the high coats due to the^great waste of electric 
energy and to the necessity of employing special precautu^ for the 
production of a compact deposit. It has, however, been employed 
for the extraction of zinc from ores which do not contain it as theiv 
principal constituent and tho value of which is increased by the 
lemoval of zinc from it, as, for instance, zinciferous pyrites residues, 
also for the paiting of zinc from metals vtrith which it is alloyed, and 
for the refining of zinc. It's employment may also bo worth con- 
sidering for the separation of zinciferous lead and silver on's, from 
vvhicli the zinc cannot be removed by dressing operations colr^>letely, 
noi without incurring considerahli loss of both metals — especially of 
silver — as also for the removal id zinc from zinciferous silver ores. 

It is perfectly possible that whoio cheap motive power — such as 
water-power — is available, this mcthml might be employed for the 
treatment of zinc ores pi opei, especially if they contain an appreciable 
quantity of silver, which is not paid for by the zinc works. 

Zinc separates in the form of sponge, both in neutral and feeble 
.icul solutions, and wlien either soluble 01 insoluble anodes are em- 
ployed. The causes of the apongmess have been variously assumed 
to be the molecular modification of zinc by hydrogen, by hydrogen 
and zinc hydride, the formation of zinc oxide, the presence of foreign) 
metals ill the electrolyte, and the formation of haloid acids and oxy- 
chlorides. Kiliani found, iu the course of his experiments' to detc-i- 
mine the conditions of the deposition of compact zinc from solutions 
of zinc vitriol, that, even when soluble anodes were employed, ii the 
ciirreat tension was low, gas was evolved, and the zinc became spongy; 
but that, on the other hand, if the current tension was high and the 
solutions not too dilute, no gas was evolved, and the zinc was compact 
and brilliant. He also found that when highly dilute solutions were 
employed, hydrogen was actively evolved, and that the zinc was 
always spongy, whether the current was feeble or strong. With 
feeble currents, zinc oxide, together with zinc, was deposited from 
dilute solutions. For instance, fiom a solution containing 1 per cent., 
with a current tension of even 17 volts, oxide of zinc was deposited 
when only 0*0755 gram of zinc was thrown down per minute upon 
a 1 square centimetre of cathode area. The results of Kiliani’s ex- 
periments are shown in the following table.^ They refer to a solution 
of zinc vitriol of specific gravity 1 * 38 , anodes and cathodes being 
made of sheet zinc : — 

1 Berg, nml Hm Ztg., 188:^, V 

~ Borcliers, Ehkt»o-M*‘tnUurfjif, Brunswick, 1891, p flO 
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Zinc deposltod 
Iper inlnut« per 
I aq. coutlmetre 
(if cathode 
surface 
iSfc «■ 

I Mllllgmiud 
0-0J4.5 
I (H)361 
«)-()755 
U‘3196 
0-6392 
3 7274 
38-77r>0 


Amperes per 
Niiiiitre motic. 


7 

18 

38 

158 

316 

1,843 

1^181 


Gas evolved 
{.ler 1 'i grauiH 
of sine 
deimsited 


Natme of tin deposit 


( ilti (eut 

2*40 Wry s 2 )oiig>. 

2 27 «lo. 

0 56 do. 

0*43 Mfire roniiiac-t, but Bpong^- at the edgen. 

U 33 (*1111 still be wiped ofi leadily. 

j Finn and lustrous, with hud-like pro- 
— t jtet ions round the edges. 


From a 10 per cent, solution, Kiliaui obtained the best deposits 
when the current was equal to 0*4 to 0*2 milligramme of zinc. Hence 
it seems tbat excessively great current tensions, up to 171 amperes 
per square foot, are necessary to produce a compact deposit of zinc. 

Nahnsen,^ in his experiments to determine the most suitable 
current densities and temperatures for the deposition of compact 
zinc from solutions of zinc vitriol, found that hydrogen (primarily 
generated by the additiou of sulphuric acid to the solution of 
zinc vitriol, plates of zinc being used as anodes), which formed in 
great quantity at the cathodes, does not make the zinc spongy, and 
therefore assumed that the sponginess was due entirely to the forma- 
tion of zinc oxide. According to him, the hydrogen which appears 
at the cathode simultaneously with the spongy deposits, is of a 
secondary nature, produced by the action of the deposited zinc upon 
the water of the solution. Nahnsen further tried experiments upon 
the character of the zinc deposited at various tensions and tempera- 
tures. These were tried upon solutions of zinc sulphate whose 
specific gravities at 18° C. were respectively 1*0592, 1*1233, 1*1925, 
1*2710, 1*3543, and 1*4460, using soluble anodes in the form of zinc 
plates of 0*054 square foot in area. The results obtained are shown 
in the following table, in which the density of the current, the 
temperature of the electrolyte, and the character of the deposit are 
indicated : — 


1 ( 1 nnkM lihNHin, 

j 1H.I M] f<Hlt 

+ 0 U7 C. 

ri<WSKAllHK III- 

nil- Ki y* 11(01 ^ ih 

H 

+ 80-47 C. 

1 VIS 

l*ompact 

Spongy 

Spongy 


4-.I/ 

Compoot 

Compact 

Spongy at first 

Spongy 
Spongy at fii Hi 


9 13 

Compact 

Spongy 

13 60 

— 

Compact 

Compact 

Spongy at firnt 

18 20 


Compact 

Compact 

Compact 


H,ru. umi Jhat, Xtij,, 189.3, p 393. 
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According to Nahnsen other salts of zinc showed similar relations 
between temperature and current density, but the limits of current 
strength and temperature are different from those obtaining in the 
case of sulphates. For instance, a solution of zinc nitrate, modemtcI> 
concentrated, evolved hydrogen even at 0® 0. with a current density of 
9*4 amperes per squai*e foot ; whilst such evolution no longer occurred 
at — 12®C. Whilst Kiliani, using a solution oi zinc sulphate <d* 1 *38 
specific gravity, with a current tension of 30 amperes per square foot, 
obtained a deposit of zinc which could be readily wip^/)fF, Nahnsen 
at a temperature of + 30 0. obtained from a solution of zinc sulphate 
of approximately equal concentration with a current density of 18*8 
Monp^res per square foot a perfectly solid deposit of zinc. When large 
electrodes, 3 feet 3 inches by 1 foot 8 inches, were used, the latter 
«)btained at a temperature of +21 C. an unexceptionable deposit of 
zinc with a current density of 7 ampkes per squair* foot. When 
he employed Glectro<ies of o'4 to 10*8 square feet in area, he obtained 
good zinc with a far less current density than could have been ex|^>ected 
from the experiments carried out with the above electrodes of 0*05 
square foot in area. The high current tensions found by Kiliani are 
explained by him by the circumstance that the latter worked with 
small electrodes ; and he tiscribes the fact that the influence of current 
<leiisity and of temperature upon the nature of the zinc deposit 
decreases with the increase of the area of the electrodes, to the action 
of the edges of the latter. The current density is greater at the 
edges of the electrodes than in the centre part, and therefore 
diminishes the average total density, this diminution being the more 
noticeable the smaller the electrodes are. Up to the present, 
liowever, experiments ate wanting to determine the effect of tem- 
perature above the given limits upon the character of the zinc 
deposit, and thus to enable a correct opinion to be formed upon the 
subject. Coeho' is of the opinion that the formation of spongy zinc is 
due to the evolution of hydrogen, and states that the formation of this 
body can be prevented at the cathodes even with low current density 
by interrupting the current from time to time. Thus he claims to 
have produced a compact deposit with a current density as low as 
4 7 amperes per square foot in the electrolysis of zinc sulphate 
by interrupting the current 50 times per minute. Daring the inter- 
ruption the current was made to traverse a second bath, these 
interruptions being produced by special mechanical contrivances. 
Cowper-Coles attempts to produce dense deposits of zinc by in- 
creasing the current density from time to time in intervals of about 

' D. R. Patent, No. 75,482, 1893. - D. R. Patent, No. 79,447, 1894. 
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8 minuter Hoepfoer^ considers that an active motion ot‘ the 
electrolyte by means of rotating cathodes is necessary for the produc- 
tion of dense deposits. Mylius and Fromm ^ agree with Nahnsen in 
ascribing the cause of the formation of spongy zinc to the formation 
of zimcj oxide or of basic salts. If the conditions are not hivour- 
able to the formation of zinc oxide, no spon/e is produced. On 
dissolving zinc sponge in mercury they always obtained a residue 
containing zinc oxide or a basic salt, the amount of which was less 
than 1 per cent, of the weight of the sponge. If oxidising agents were 
present during the electrolysis of a solution of zinc sulphate, zinc 
sponge was always formed, whilst in the absence of such bodies 
deposits of smooth white zinc were obtained. For example, a 1 0 per 
cent, neutral solution of zinc sulphate, with a current of 10 amperes 
, per square foot, formed sponge at the cud of two minutes in the 
presence of 0 01 per cent, of hydrogen peroxide. When the electio- 
lyte contained 0*1 per cent, of zinc nitrate as an oxidising agent, a 
blackish-gray deposit of zinc containing oxide formed at the end of one 
minute. This deposit contained zinc nitrate and requires further 
investigation. A cathode of sheet zinc which had been touched in 
beveral places with turpentine containing oxygen, showed at once the 
commencement of the formation of zinc sponge by the development 
of grayish -black stains at the spots that had been touched. From a 
10 per cent, solution of sulphate of zinc into which zinc oxide had 
been stirred, with a current density of 10 amperes per square foot, five 
minutes after the commencement of tlie electrolysis gray spongy zinc 
was deposited upon the cathode of sheet zinc in a streak along the 
surface of the solution. The presence of foreign metals in the 
electrolyte promotes the oxidation of zinc, and therefore the formation 
of sponge. Although Mylius and Fromm thus ascribe the spongi- 
ness of zinc to zinc oxide, they do not altogether exclude the possi- 
bility that hydrogen may play a part in its formation. According 
to their views, sponge cannot be deposited from acid solutions of 
sulphate of zinc. The experiments of Mylius and Fromm have 
reference to soluble zinc anodes. 

Ashcroft found in a large number of experiments that the forma- 
tion of spongy zinc was always connected with the evolution of 
hydrogen, and that zinc oxide was not deposited direct upon the 
cathodes, but was only produced by the decomposition of zinc sponge 
already formed by the action of water. According to Ashcroft's 
experiments, the formation of spongy zinc is completely prevented in 

’ Knghsh Patent, No. 13,336, 1893. 

- Avonj. Chtmitf vol. ^ix , ISIK"). 
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solutions of zinc chloride, which also contain sodium sulphate, by 
the addition of certain oxidising agents, such as potassium per- 
manganate, potassium chlorate, chlorine or chloride of lime. He 
also found that less zinc was always deposited from acid zinc solutions 
than is required by theory (18*7 grains per ampfero per hour), whilst 
a larger quantity tlian the theoretical was always deposited from 
basic salts. Tn some cases he obtained from such solutions 50 per 
cent, more than the theoretical output. In experiments of this kind, 
which the author had the opportunity of witnessing in v London, hot 
.solutions of ziit'* chloride, saturated with zinc oxychloride, were used 
and produced firm, white and compact zinc. After 8 hours the solu- 
tion had become neutral and had to be saturated again with /itic 
i»xychloride to keep the dtqxisit in the above condition During the 
first 2 hours of the operation the excess of zinc deposited above the 
theoretical quantity was 411 per cent. ; in the next 2 hours 37 per 
cent. ; in the next 2 hours 14 per cent. ; and in the last 2 hours the 
theoretical quantity only. On continuing the electrolysis the (juau- 
tity of deposited ziii(‘ fell below the theoretical (juantity, the zinc 
hc’came spongy, and aftei a comparatively short time no moie ziiH 
was thrown down. 

According to Siemens and Halske, the formation of <«pongy zinc 
if* due to the presence of small quantities of hydrogen and traces oi 
zinc hydride (ZnKj. To avoid this objection,^ they propose to fix the 
hydrogen by means of free halogens, or by such halogen compounds 
as will combine with the hydrogen with the formation of the respective 
hydrides. Among such bodies applicable to a solution of sulphate of 
zinc may be named a weak solution of chlorine, bromine or iodine, or a 
weak solution of free hypochlorous or hypobromous acid, or chloiine 
or bromine gas, or chlorine and bromine substitution products ol 
organic bodies which are soluble in water, and which give up their 
chlorine or bromine, and are thus reduced to lower compounds by 
nascent hydrogen, as, for instance, the soluble chlorhydriiie of 
glycerol, and other glycols. When an excess of chlorine is present 
ill the solution of zinc, sulphate, hypochlorous acid always forms 
according to the following equation : — 

2 ZnS 04 + 2 H 2 O+ 2Cl2=ZnCl2-HZn(HS04)2+ 2HOC1. 

The chemical changes that take place when the above bodies are 
added are the following Free chlorine forms hydrochloric acid with 


1 1). K. Patent, No. 66,r)92. 
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either hydrogen or with the hydrogen of zincic hydride, as is shown 
in the following equations : — 

ZnH,+Cl,=Zn-h2HCl 
H + C1 = HC1. 

As these substances are only employed in very small quantities, 
the hydrochloric acid produced is too dilute to have any dissolving 
action upon the cathode. The dilute hydrochloric acid, however, 
forms free chlorine with hypochlorous acid formed as above, as 
shown in the following equation : — 

HC1+H0C1 = H,0 + C1. 

Hypochlorous acid or hypobromous ncid acts as follows upon 
zincic hydride and hydrogen : — 

Zn + HOCl = Zn + H.,0 + HCl 
H,+H001 = H2() + HCL 

The zinc chloride formed by the action of chlorine upon zinc is 
transformed into zinc sulphate by the sulphuric acid liberated at the 
^nodc and diflfusing from it through the solution, as shown by the 
following e([uation : — 

ZnClo -f HgSO, = ZnSO, + 2HC1. 

The hydrochloric acid thus formed again forms free chlorine with 
the hypochlorous acid. 

The chlorine liberated in these various reactions continually acts 
over again in the above manner. In the piesence of hypochlorous 
acid in the solution the chlorine is accordingly regenerated to a very 
large extent. Zinc deposited with the addition of these bodies is said 
to be compact and of a silvery colour. It is necessary, in conducting 
the process, that the fluid to be electrolysed shall constantly show a 
distinct reaction of the free halogen or of the active oxycompound ot 
that halogen. 

Mylius and Fromm ^ consider that the above opinion of Siemens 
and Halske, that the formation of zinc j sponge can be prevented by 
the destruction of zinc hydride as above, is not tenable. They refer 
the action of chlorine, iodine, hypochlorous acid, &c., merely to the fact 
that these bodies are acid-formers. According to Borchers ^ it has 
not been proved that zinc hydride is formed when zinc salts are 
electrolysed. He is of the same opinion as Mylius and Fromm, and 

' Ztitsi'hr^f. Amry, C'Am., vol. ix., 1896, ]», 144. 

’ Eh i'trO'MHfjdbiryy^ 1890, p. 283. 
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adds that Id the presence of sulphurous acid, phosphorous and hypo- 
phosphorous acids, !>., of reducing agents, he has obtained the same 
results as were produced by Siemens and Halske by moans of 
chlorine, bromine, iodine, &c. According to tlie experiments of 
Nahnsen, zinc is thrown down in the spongy form when the solutions 
of zinc salts are rendered impure to any great extent by the presence 
of other metals. In addition to the absolute quautit} of these 
foreign bodies present, the strength of the zinc solution and the 
density of the electric current are also important. With A lb of zin< 
to 1 gallon of solution, 0‘0()4! oz. of copper in the gallon have, accoid- 
ing to Nahnsen, no effect upon the character of the deposit. With 
I lb. in 1 gallon there is n distinctly perceptible evolution of gas. 
With 0*016 oz. to the gallon there is evolution ot gas and the deposit 
at the same time becomes slightly warty. With 0 024? o/. this warti- 
ness appears earlier and more strongly marked; and with 0 ()4S oz. 
in the gallon the zinc is thrown down in the spongy form. 

With 3*2 oz.of zinc in the gallon ol solution as little as 0*00 JO o/. 
of copper in the gallon already produces a few scattered spots. With 
0*008 oz., the whole electrode becomes warty, and with 0*02 oz. of 
copper in the gallon the deposit already becomes spongy at the end 
of 55 minutes. Cadmium, silver, arsenic and antimony arc said to 
behave like copper ; iron is said to promote the evolution of hydrogen 
and to render the baths impure by the separation of ferric and ferrous 
oxides, without having, however, any influence upon the formation of 
spongy zinc, as long as the quantity is not excessive. For instance, 
according to Nahnsen, with 3*2 oz. of zinc and 0*32 oz. of iron as 
protoxide in the gallon of solution, no sponginess was noticeable ; 
neither was there with the same amount of zinc and 0*4 oz. of iron in 
the form of peroxide. 

Mylius and Fromm ^ assume that those foreign metals which 
promote the oxidation of zinc electrically, give rise to the formation of 
sponge. According to their experiments, on the electrolysing of a 10 
per cent, solution of zinc sulphate, which contained 0*004 per cent, of 
arsenic as ammonic arsenite, at the end of a minute zinc sponge was 
produced. Nahnsen proposes first to precipitate, by means of lime or 
a similar re-agent, both the zinc and the foreign metals from the 
crude solutions, and to treat the precipitate thus obtained with the 
acid electrolyte escaping from the baths. The latter, after it has been 
neutralised, traverses a series of vessels in which it comes in contact 
with zinc dust, which precipitates the metals which are electro- 
negative towards zinc, an equivalent quantity of zinc passing into 

* Loc. rif. 
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solution. Iron generally occurs in the neutral or feebly basic solu- 
tions as proto-salt. It can only be precipitated out of the solution 
after conversion into a per-salt. According to a patent of the 
company 'which has acquired Egeatorff’s Salt Works/ iron can be 
removed from solutions of sulphate by the addition of carbonate of 
lime, and passing a current of air through the solution. If the 
iron is present as chloride and not in too large quantity, it is best 
oxidised and precipitated by the addition of a small quantity of 
chloride of lime, the calcium chloride so formed having no injurious 
cflFect upon the electrolysis. If the quantity of iron present is 
exceedingly small, the iron is best oxidised by a solution of a chromate 
and precipitated by the simultaneous addition of soda, zinc oxide or 
zinc carbonate. Both the iron and chromium are thus thrown down 
in the form of hydrates, as shown in the following equation, sodic 
chromate and soda being employed : — 

(iFcCl, + 2 Na,Cr 04 -h 4N a^CO . -h 1 2 H 3 O = + Cr,H„ 0 „ + 

12Na(Jl+4C(),. 

According to Pflegcr - basic zinc halts (ZnClg, 3ZnO, or ZnSO^, 
tZuO) are to be added to the solutions of zinc to purify the latter 
and to produce a basic electrolyte, previous to electrolysis. At the 
same time foreign metals are thus to be precipitated as basic salts, 
hydrates or oxides, by which means the solution of foreign metals, 
which may be present in the zinc anodes, as also the formation of 
spongy zinc at the cathodes, are said to be prevented. If the anode 
contains insufficient zinc, and the basic character of the electrolyte is 
in consequence diminished, care must be taken to replace the zinc 
oxide from time to time. As pointed out by Borchers, when zinc 
solutions contain proto-salts of iron, these must be oxidised to per- 
salts by means of chloride of lime, sodic hypochlorite, or by chromates 
before the basic zinc salts are added.^ 

Pertsch^ assumes that the formation of spongy zinc in the 
electrolysis of solutions of zinc chloride is due to the formation of 
hiiloid acids, oxychlorides, basic oxychlorides, and other imperfectly 
known compounds. To prevent the formation of sponge, he adds a 
solution of zinc oxalate in aqueous oxalic acid to the electrolyte. In 
the presence of this salt the formation of chlorous and hypochlorous 
acids is said to be prevented, nor is any notable amount of water 
decomposed. The action of the zinc oxalate depends upon the easy 
decompose bility of this salt into metal and acid radical. Oxalic acid 

» D. R. rateni, No 2.'l,712. * U. S. A. Patent, 495,037, April 19, 1893. 

® Juhrh. it. Ehdro (Vum.^ IHO.'i, p. 194 ^ 1). R Pa,tent, No 06,185. 
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used in this process is destroyed in coDse(|uence of its decomposition 
by polarising bodies. If, therefore, the process were even to work 
satisfactorily it would be too expensive. 

Lindemann ^ has found that a compact and perfectly pure deposit 
of zinc can be obtained from a solution of zinc sulphate, if zinc 
sulphide is maintained in suspension in the solution, the sulphide 
being precipitated by sulphuretted hydrogen from a neutral solution 
of zinc sulphate. Tliis process has not yet come into use. It would 
seem, therefore, that a wide field still remains open to lnve.^tigation 
to solve the exatf)- reason of the formation of spongy zinc. 

We have now to distinguish — 

1. The extraction of zinc from (»res 

2. The extraction of zinc from alloys. 


1. Thf EHrftrtUin of Zinc f/um Occb 

When zinc is to be extracted from ores, the solution should, as a 
rule, be produced apart from the electric circuit. In the majority ol 
the processes proposed up to the present, the zinc is dissolved in the 
form of sulphate or of a double sulphate, as chlorkh^ or a double 
chloride in combination with alkalies or alkaline salts, or combined 
with vegetable acids, the metal being deposited from these solutions 
by means of the electric current. Unless other metals are to be 
dissolved from the anodes, it is necessary to work with insoluble 
anodes. An evolution of gas is thus produced, aud a great cou> 
sumption of electric energy is rendered necessary. At the same 
time this evolution of gas tends to the formation of spongy zinc. 
Much attention has been given to overcoming these objections as far 
as possible by means of acid depolarising ageuts, and by employing 
electrolytes which are good conductors, aud in some instances 
good results have been obtained. The various depolarising agents 
w^lII be described under the individual processes to be mentioned 
below. 

A general method of depolarising, proposed by Borchers, which 
has not yet, however, been employed practically, will alone be re- 
ferred to here. Borchers proposes in consequence of certain ex- 
periments carried out by him, to employ oxygen separated in the 
course of electrolysis as an oxidising agent for certain organic com- 
pounds in place of the oxidising agents, such as peroxides, per- 
manganates, chromic acid, arsenic acid, &c., hitherto used, and thus 

1 1). R Patent, Kl. 40, No. HI ,640. -* Op. Hi., p. OK. 
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to combine the electrolysis of the metal with a process of oxidation 
to the advantage of both operations. The material for his oxidation 
process he finds in various distillation products of coal tar, such, for 
example, as the cresols. By mixing and digesting these substances 
with concentrated sulphuric acid they are readily converted into 
cresol-sulphionic acids, which are good conductors and are readily 
soluble in water. In the course of a sufficiently long-continued 
electrolysis, these are oxidised to carbon dioxide, water and sulphuric 
acid. If, however, the electrolysis is interrupted at a suitable time, 
according to Borchers, the whole series of the theoretically possible 
intermediate oxidation products can be obtained. It is a necessary 
condition for the combination of electrolysis ^vitli the processes of 
oxidation, that the oxidation product formed]shall be readily separable 
from the solution that has to be electrolysed. In experiments carried 
out with such materials, Borchers with a current of 4'6 to 5*6 amperes 
per square foot obtained a brilliant and compact deposit of zinc. In 
order to maintain this current density, a tension, according to the 
proportion of zinc in the electrolyte, of from 1*5 to 2 volts was re- 
quired. When currents of 14 amperes per square foot and an initial 
tension of 3 volts were employed, Borchers obtained good zinc, but 
the bath rapidly heated and increased the tension to such an extent 
that the work became unprofitable. The quantity of zinc which can 
be calculated upon in this method of depolarisation is given by 
Borchers as at the utmost 0*9 lb. per hour pei horse-power. Nothing 
is yet known about the practical execution of this project. 

With the employment of insoluble anodes the tension in the bath 
averages 3 to 4 volts. When calculated for zinc sulphate from the 
calorific effect Q and from the quantity of current required according 
to Faraday’s law for the decomposition of an electro-chemical 
molecule : — 


' v,y.V0 r 


the tension amounts to 2*29 volts, v being the number of electro- 
chemical molecules in one molecule. According to Killiani the tension, 
when carbon anodes are used, must be at least 2*5 volts to prevent the 
deposition of zinc oxide, together with the zinc. The power which is 
required to precipitate one kilogramme of zinc per hour from solu- 
tions of zinc salts, and with a tension of 2*5 volts in the bath, can be 
calculated as follows ; — 

To deposit one kilogramme (2*21bs.) of zinc per hour, 820*3 amperes 
are required. At a tension of 2*5 volts the power required amounts 
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^0-328_x 2-5 
76 X 981 


2068 

'7S5 


= .2-80 h..p. 


As, however, a horse-power 


does not produce 735 watts, but 12 per cent, less = 660 watts in 
consequence of the power lost when mechanical work is convert id 
into electricity, and as the older dynamos wasted 25 per cent, of the 
current in consequence of the conversion of the latter into heat, &c., 

2 ‘ 8 (^ 

the horse-power must be reckoned as ^ = 4*24 h.-p. For 

a tension of 3 volts in the bath the horse power may ''similarly be 
calculated as aniOunting to 5*06 b.-p. If 2 kilogrammes of coals are 
reckoned per horse-power per hour the quantity of coal consumed 
for 1 kilo of zinc would amount to 8*48 and 10 kilos res>pectively. 
With modern steam engines working with high pressuie, expansively, 
and condensing, the loss of power in the conversion ot mechanical 
work into electricity may be estimated at 9 per cent , whilst in the 
modern dynamos 6 per cent, of the original power is lost, so that a 
total loss of power of 13 per c(mt. occurs. To this may be added 
10 per cent, of the current lost in the conductors, whilst the con- 
sumption of coal per horse-power per hour amounts in modoi n steam 
engines to 1 to 1*5 kilos of coal. Having regard to these considera- 
tions therefore, the consumption of power and ot coals may be 
calculated at a lower figure than that given above. 

As regards the extraction of zinc from the ores by means of 
electrolysis, it is but rarely perfect, as when zinc is leached out by 
means of dilute acids certain quantities of metal generally remain in 
the residues. This is especially the case when the ores contain iron, 
as is generally the case. If ferriferous zinc blende is calcined, as re- 
quired for the production of zinc salts, a certain portion of the zinc 
oxide formed becomes insoluble in dilute acids and very difficultly 
soluble in hot concentrated acids. According to communications 
from Nahnsen the extraction of zinc from Upper Silesian ores, which 
contain 5 to 25 per cent, of iron, varies between 97 and 80 per cent. 
From Hhenish and Belgian ores containing very little iron, zinc is 
said to be extracted down to 2 per cent, and even less. The presence 
of lead has no effect upon the extraction of zinc as long as particles 
of zinc blende are not enveloped in the sulphate of lead formed from 
the sulphide during calcination. 


(a) The J^ntraetim of Zvmefnm Zinc Ora Proper 

The extraction of zinc from zinc ores proper has up to the present 
nowhere come into use, and having regard to the power required, » 
stated above, for the deposition of the zinc, as also for the dinfi- 
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culties connected with the production of compact zinc, there seems 
but little likelihood of its introduction upon a working scale in the 
immediate future. The extraction of zinc from solutions of sulphate 
and chloride, combined with dissolving the zinc out of its ores within 
the electric circuit, had been proposed in 1880 by Luckow,^ but has 
never come into use upon a large scale. The patent covers the 
production of zinc by the electrolysis of concentrated solutions, the 
acids or the chlorine thus liberated being allowed to act upon the 
zinc ores, whilst polarising is prevented by mechanical or chemical 
means. The decomposing cells are to be formed of wooden vats ; 
sheets of zinc are to be used as cathodes, and wire baskets as anodes, 
these containing mixtures of carbon and zinc ores or zinciferous 
metallurgical products, or baskets or boxes made of wire and tilled 
with carbon only. The zinc, which is said to separate out at the 
cathode in the form of grains, is to be caught on frames covered with 
cloth, arranged beneath the cathodes. By employing a solution of 
chloride of zinc or a feebly acid solution of common salt as the 
electrolyte, and a mixture of coke and zinc blende as the anode, the 
chlorine evolved during the electrolysis was said to decompose the 
blende and dissolve the zinc. When the anode consists of carbon 
alone, the chlorine produced was either to be removed mechanically 
by forcing in air, or chemically by forcing in sulphur dioxide. This 
process has not been employed on a working scale. The employment 
of ores as anodes, or the dissolving of zinc out of them in the bath, 
is not capable of execution. Chlorine attacks calcined zinc ores not 
at all, and blende but slightly. The zinc is, moreover, deposited in 
the spongy form. 

The process of Letrange,® which was tested at St. Denis, in France, 
upon a large scale, depends upon the transformation of zinc blende 
into the sulphate outside the electric circuit, and the deposition of the 
zinc from the sulphate by means of the electric current. In this 
process depolarisation was not attempted. The ores at St. Denis 
were blendes, which were exposed to a sulphatising calcination in 
reverberatory furnaces, or were burnt in kilns, and then brought into 
contact with the sulphur dioxide produced during calcination. 
By means of the calcination a portion of the sulphide of 
zinc was converted into sulphate, another into zinc oxide. By 
means of sulphur dioxide the zinc oxide was converted into zinc 
sulphite, which in the course of time was oxidised to zinc sulphate by 

1 D. R. Patent, No. 14,256. 

a Berg, UTid HUtL Ztg., 1882, p. 489; Ditigl.t vol. 246, p. 455; Austrian Pal,, 
November 12, 1881. 
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exposure to the air. The blende thus prepared was transferred to 
leaching vats, in which it was treated with water or with the acid 
solutions obtained in electrolysis. The zinc sulphate solution thus 
obtained was run first into a collecting tank, and thence into the 
batlis. These latter were vats with double bottoms ; the zinc 
solution was introduced into the interspaces between the two 
bottoms, and rose up through perforations in the upper one. Tlie 
anodes consisted of plates of carbon, the cathodes of plates of biass 
or zinc. As it slowly ascended, the zinc solution gave ofF-'a t^onsidei- 
able portion of j+s zinc contents to the cathode, and thus i cached 
the upper portion of th# tank, whence it flowed through an over- 
flow tube into a collecting lank From thr^ tank it was iiade tu 
pass over roasted ore in oider to saturate itself with zim and to be 

f! 
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again electrolysed. The arrangement of the plant is shown in Fig. 
158. A are the vessel'^ for leaching the calcined blende ; B is the 
collecting tank for the solution ; C are the baths ; c are the plates of 
zinc or brass placed opposite to the plates of carbon forming the 
anodes ; o are the openings for the overflow pipes ; d are the tubes 
which convey the solution to be electrolysed under the false bottom 
of the baths. The acid electrolysing solution is lifted by means of 
the pump P out of the collecting tank placed beneath it into the 
vessel Bt from which it passes into the leaching tanks A, The zinc 
is said to have been deposited at the cathode in the form of sheets, 
and when its thickness reached 0*16 to 0*2 inch, it waa stripped off 
from the cathode by means of a knife. The zinc contained iron, 
because ferric sulphate was dissolved out from the calcined blende. The 
current density and tension employed in this process are not stated ; 
as no depolarising took place, these must have been so high as to 

p 2 



212 


METALLURGY 


compel the abandonment of the process. The zinc may also have 
been deposited in the spongy form. In the literature on the subject,^ 
the amount of zinc deposited per hour per horse-power is given as 
1*3 lbs., which is far too high a figure. It probably did not amount 
to 0*4 lb. The consumption of coals per hour per horse-power 
may be assumed on the average as about 4^ lbs. It is therefore 
readily explicable that when the power required for electrolysis has 
to be obtained by the combustion of coal, the extraction of zinc in 
the dry way comes cheaper than the electrolytic extraction of zinc 
from solutions of sulphate in the above fashion. 

Hermann 2 has attempted to improve the process by the em- 
ployment of double salts of zinc sulphate and sulphates of the 
alkalies, of magnesium or of aluminium. Nahnsen has also recom- 
mended the addition of alkaline sulphates to solutions of zinc 
sulphate ; it is at any rate a fact that zinc sulphate containing double 
salts was employed by Nahnsen in his experiments for working the 
zinc ores at Lipinc in Upper Silesia. Nalinscn’s process, which is 
kept secret, has been tried experimentally at the works of the 
Silesian Company for zinc mining and smelting in Lipine, and is said 
to have been proved technically feasible. The composition of the 
electrolyte is kept secret. It can only be said that it consists of zinc 
sulphate in combination with other salts which are not decomposed at 
the tension of the current employed. According to the process 
patented by Nahnsen,^ the electrolyte contains 7 to 14 oz. of crystal- 
lised zinc sulphate and 1*5 to 3 lbs. of alkaline sulphate in the 
gallon according to the strength of the current. Nahnsen has com- 
municated the following to the author respecting his piocess : — 

“ The ores (blende) are first calcined in the same way as for distilla- 
tion ; they arc then brought into contact with hot acid solutions as 
these leave the baths, the zinc being thus extracted from them. The 
zinc solution is neutralised and clarified, treated in tanks with zinc 
dust for the precipitation of any electro-negative constituents that 
may be present, and then returned to the baths. The essential 
apparatus in this plant is that used for the solution of the zinc, which 
is so arranged upon the principle of opposing currents, that the zinc 
ores are fed in automatically and the residues free from zinc auto- 
matically removed. The whole process consists of the following two 
phases (1) Decomposition of the electrolyte in the bath into zinc 
and sulphuric acid ; (2) transfer of the sulphuric acid or of the acid 
solution into the dissolving apparatus, where it is saturated with zinc 
^ Bfrg, und Hktt, Zty,, 1883, p. 287. 

» P. R. Patent, No. 24,682, April 24, 1883. * P. R. Patent, No. 71,166. 
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from the ores. It is essential for the execution of the process that 
solutions free from iron should .be obtained. This object is attained 
by allowing the acid solutions in the dissolving tanks to come in con- 
tact with ores containing continually increasing percentages of zinc 
so that any oxide of iron in the solutions is rapidly precipitated by 
the oxide of zinc. By this means solutions of zinc sulphate free 
from iron are obtained. Any electro-negative metals tliat may be 
present in the solutions are precipitated by means of zinc dust.” 

The zinc is obtained pure and in a compact form. With plates 
0*8 inch thick, tbg loss on melting is about 4 per cent. The zinc 
contains 99*9 percent, of metal. According to Nahnsen the question 
of apparatus is the important one in carrying out this process on a 
large scale, but the results obtained exi#erimentally admit of the 
conclusion that in this respect too the proper methods are being fol- 
lowed. The process has not yet, however, comt into use. 

Lindeinann^ proposes to thiow down by meansof th(' electric current 
very pure zinc in the compact condition tiom solutions of zinc sulphate 
in which zinc sulphide is suspended. The sulphide of zinc is produced 
by precipitating a solution of pure zinc sulphate of 37“ to 38“ B. by 
means of sulphuretted hydrogen. The electrodes consist of rolled 
lead. They are 0*4 inch apart, and the current density employed 
in the experiments amounted to 10 amperes pei square foot ; the ten- 
sion, which is not stated, may be taken as 3 to 4 volts. The cathodes 
were subsequently to be replaced by electrolytic deposits of zinc 
with their edges cut smooth. The anodes, which gradually become 
covered with a superficial layer of peroxide of lead, must be freed 
from the latter by being washed from time to time. As soon as the 
hath contains 9 to 9| ounces of free sulphuric acid per gallon, a 
current density of 1 0 amperes per square foot can no longer deposit 
zinc from it. Before therefore the free acid present reaches this 
amount, the electrolyte must be replaced by a neutral solution of 
zinc sulphate. The zinc sulphide, which is gradually decomposed by 
the. acid liberated, must be renewed from time to time. This pro- 
cess has not yet come into use. 

Siemens and Halske * propose for the extraction of zinc from its 
sulphide a process similar to that for the extraction of copper from 
ores containing copper sulphide,^ in which polarising is partly pre- 
vented by the secondary action of the anion upon the electrolyte 
The slightly roasted zinc blende is to be treated outside the electric 
circuit with a solution of ferric sulphate containing free sulphuric 

^ D. R. Patent, Kl. 40, No. 81,640. ^ d. Patent, No. 42,243. 

^ Vol. i., p. 240. 
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acid, whereby the zinc is dissolved in the form of sulphate, ferrous 
sulphate being at the same time produced, and sulpliur separated 
out, two molecules of ferrous sulphate being formed for every mole- 
cule of zinc sulphate, as shown in the equation : — 

ZnS -h Fo,(SO,) 3 = ZnSO^ + 2 FeSO, + S. 

The solution of zinc thus obtained is conducted into the bath, first 
to the cathodes, and then to the anodes At the cathodes a portion of 
the zinc is deposited, whilst the acid radical, SO^, goes to the anode. 
The solution from wliich a portion of its zinc has been removed flows 
to the anode where the ferrous sulphate is re-converted by the anion, 
SO4, into neutral ferric sulphate Fog This ferric sulphate is 

then caused to act upon a fresh quantity of sulphide of zinc. By 
the oxidation of ferrous to feiric suljdiate nt the anode, an amount of 
electric energy equivalent to the heat of combination thus produced 
is evolved, and this partly counteracts the back electro-motive force 
produced by the dccom])ositiou of the %inc sulphate at the cathode. 
The process of electrolysis is expiessed by the equation : — 

ZnSO^ + 2 Fc SO, = Zn FogCSOJ^. 

This process has never come into use in .any way, nor is it likely 
to be introduced. The solution of zinc sulphide* is very slow and 
very imperfect, and the electrolyte contains veiy large quantities 
of iron. 

Coehn ^ proposes to use accumulator slabs of lead oxide as anodes 
for the electrolysis of oxy-salts of zinc, such as the sulphate. During 
the electrolysis, the lead oxide is converted into lead peroxide, and 
the plates are then to be used for the generation of electricity in lead 
peroxide and carbon elements with sulphuric acid. Nothing is 
known as to the practical execution of this process. 

The process of Qunnar Elias Cassel and Frederik A. Kjellin, of 
Stockholm,^ avoids polarisation by tho employment of anodes of 
metallic iron or of some other metal, a plate of zinc forming the 
cathode. The anodes and cathodes are separated by a diaphragm of 
porous clay or some other suitable material. The cathode compart- 
ment contains the solution of sulphate of zinc to be electrolysed, 
which has been produced by the leaching of calcined blende with 
sulphuric acid. The anode compartment contains sulphate of iron or a 
sulphate of the metal employed as anode. Zinc is thrown down at the 
cathode by means of the current, whilst the acid evolved at the anode 
dissolves an equivalent quantity of iron. The object of the diaphragm 
1 D. R. Patent, No. 79,237, 1893. ® D. R. Patent, No, 67,303. 
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is to prevent the intermixture of the solutions contained in the 
cathode and anode departments. The ferrous sulphate formed at the 
anode is to be sent into market as green vitriol. Although compoet 
zinc may be obtained by this process witli the employment of a com- 
paratively small quantity of electrolytic energy it must, nevertheless, 
be borne in mind that fresh acid has to be constantly used for the 
production of the zinc solution, and that green vitriol is low in price 
and has a very restricted market. On the otiier hand, by leaching 
the calcined, blende by means of water, as proposed by the ]»atentees, 
a portion only of the zinc contonte of the Idende is brought into 
solution. Finally, it is highly possible that the deposited zinc will 
contain iron. 

The conversion of zinc into chloride from its tues and the 
electrolysis of the solution obtaineti has been tried experimentally 
at Bleyberg, in Belgium.^ The solution of '>:inc wah produced by 
treating calamine or calciue»l blonde with hydrochloric acid. Any 
iron that passed into solution was precipitated by means of chloride 
of lime. The anodes consisted of graphite or carbon ; the cathodes 
wen' sheets of zinc. The chlorine evolved at the anode does not 
seem to have been employed for the manufai^ture of bye-products ; 
even though it bad thus been utilised, the process would be too dear 
for zinc ores proper, as the chloiide of zinc would have to be produced 
by treating the ores with hydrochloric acid, or with ferric chloride, or 
by means of a chloridising roasting. At Bleyberg a kilo of zinc is 
said to have required 0 h.-p. hours, or 18 kilos of coal. The 
process has not come into use for zinc ores. 

Hiutzcrling * proposes to dissolve oxide of zinc out of calcined 
blende or calamine or metallurgical products containing zinc 
oxide, by means of maguesic chloride, and to electrolyse the 
solution obtained. The zinc is said to be deposited by means 
of a current tension of 19 amperes per square foot from the 
solution of chloride of magnesium containing zinc oxide ; the 
solution of magnesium chloride, left after the zinc had been 
thrown down, was to be used for the solution ot fresh quantities of 
zinc oxide. The baths containing zinc were to Lave been treated with 
from seven to fourteen times their quantity of magnesium chloride 
solution, of from 126 to 1*29 specific gravity, at the boiling point, 
best under a pressure of 2 to 3 atmospheres, the mass being kept in 
motion by means of stirrers. This boiling is best carried out in 
closed vessels, so as to prevent the formation of magnesic oxy-chloride. 
Any of this substance formed in the solution was to be converted 

1 Berg, mvd HUH, Ztg„ 1S88, p. 367. ® Dingl. Jouru., Vol. 288, p. 263. 
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into magnesic chloride by the addition of hydrochloric acid. Nothing 
is known as to the application of this process. 

For extracting zinc from pyrites residues and from zinciferous 
silver ores the processes to bo described below for converting the 
zinc into chloride and the electrolysis of the solution of chloride, 
have come into use. Bias and Miest^ have proposed to crush ores 
containing sulphide of zinc, and to mould them into plates under a 
high pressure of about 100 atmospheres with the employment of a 
temperature up to 600°C., and to use these plates as anodes in the 
electric current. For the electrolyte a solution of zinc sulphate, 
chloride or nitrate was to be used. This process, which was based 
upon the conductivity of metallic sulphides for electricity, has not 
b^en found satisfactory; the plates, composed of non -homogeneous 
constituents, must fail to pieces tolerably rapidly in the course of 
the electrolysis, whilst all action must cease as soon as contact 
with the conductor is interrupted by the sulphur separated out 
from the particles of ore nearest to the conductor. 

Extraction of Zinc from Solutions of Zinc Stdphik 

Kosmann and Lange ^ propose to treat zinc ores (calamine or 
calcined zinc blende) with sulphur dioxide and water, and to throw 
down zinc from the solution of zinc sulphite thus obtained, by 
means of the electric current. The oxygen thereby evolved is said 
to be absorbed by the sulphur dioxide liberated by the decom- 
position ot the salt, converting it into sulphuric acid. This 
process is said to require a lower current tension than the decom- 
position of zinc sulphate. Experiments on a large scale are said to 
have given 0*4 pound of zinc thrown down per horse power per 
hour. Kosmann states that by the employment of Wolff’s loco- 
motive type of engine with condenser, the consumption of coal per 
hour per horse power amounts only to 2*2 lbs., so that these 2'2 lbs. 
of coals are capable of producing 0'4 lb. of zinc. The process has 
not, however, come into use. Zinc sulphite is soluble in water only 
as an acid salt, and, when exposed to the air, is converted with 
tolerable rapidity into sulphate. 

2%e Extraction of Zinc from SohUions in Organic Acids 

This method has not come into use for ores ; under this head 
sliould be included an English patent of Watt, No. 6,294, 1887, as 
also the proposal to use acetic or lactic acid as electrolytes. 

‘ Ehbai tV Apjilicatitni de V£lecirciyw, Louvain and Paris, 1882. 
a D. R. Patent, No. 57,761. 
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The Extraction of Zinc from Alkaline Solutiom 

The deposition of zinc from alkaline solutions has not come into 
employment at all, and appears to offer no prospects. Kiliani^ 
proposes to dissolve zinc from ores and metallurgical products by 
means of a solution of ammonia or fixed alkali, to which ammonic 
carbonate has been added, in separate vessels outside the electric 
circuit, and to electrolyse the solutions, cathodes of sheet zinc or 
sheet brass and anodes of sheet iron being employed.^ Ttie zinc 
is said to be deposited at the cathode in the compact form, whilst a 
quantity of oxygen, equivalent to the metal deposited, is said to be 
liberated at the anodes. The solution escaping from the baths is 
collected in tanks and then pumped back into the dissolving baths, 
where it dissolves out a fresh quantity of zinc. There are no data 
with reference to the current density and tcuision. It is, however, 
undoubted that with equal current densities the electrolysis of such 
solutions would require a much higher tension than that of 
sulphite, sulphate or chloride; the alkalies are, moreover, deai’er than 
acids. It may therefore be assumed that this process will not come 
into use. 

Hdpfner ^ leaches the zinc out of bodies containing zinc oxide 
(poor zinc and lead ores) by means of an alkaline solution, and 
conducts this solution to the cathodes of a bath for the deposition 
of the zinc, chlorine or chlorates of the alkalies or alkaline earths 
being produced at the cathodes by the decomposition of alkaline 
chlorides. The ores are ground fine and then brought into intimate 
contact with alkaline solutions in a dissolving tank provided with a 
stirrer. Any lead oxide that may be present is dissolved together 
with the oxide of zinc. After the solution has been freed from 
foreign metals by means of zinc dust, it is passed in a continuous 
stream into the cathode division of the electrolytic bath, which is 
separated from the anode division by a suitable membrane, or pair of 
membranes with a solution of soda or potash between the two. The 
zinc produced at the cathode separates out in the compact state, and 
does so the better the more thoroughly the solution is kept in motion. 
The anode division must contain a solution of chlorides to be 
constantly kept at a uniform degree of concentration! and also contain- 
ing alkaline chlarides, as, for example, solutions of camallite or of the 
final liquors of the ammonio-soda process. By means of the electric 
current chlorine is evolved at the anode whilst the alkalies pass into 

1 D. R. Patent, No. 29,900, March 11, 1884 ; and No. 32,864, August 19, 1884. 

» D. R. Patent, No. 62,964. 
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the cathode division, and unite witii the alkali already present there. 
In consequence of the diffusion of alkalies or alkaline carbonates 
from the cathode space, oxychlorides are formed at the anode. The 
chlorine can be collected and used as such, or for the manufacture of 
bye-products. The evolution of free chlorine at the anodes can be 
prevented by adding alkaline earths to the solution in the anode 
compartment, and thus forming chlorates. The solution of chlorates 
can be worked up for the manufacture of potassic chlorate. Nothing 
is known as to the applicability of Ilopfner's process to zinc ores 
proper. In a modified form it has been used for the extraction of 
zinc from pyrites residues. 

W. S. Squire and S. (f. C^iirie' have attempted to extract zinc 
^’om an alkaline solution of the oxide witli the employment of 
mercury as a cathode. The deposited zinc forms an amalgam with 
the mercury and is submitted to distillation, whereby zinc is obtained, 
and the mercury recovered. 

Burghardt- attempts to extract zinc from a solution of sodic 
ziucate, which is to be produced by fusing zinc ores freed from 
sulphur, such as dead roasted zinc blejule, with soda and 3 to 4 
per cent, of carbon, and leaching out the molten mass. The ore is to 
be packed around the anode by means of an asbestos cloth. Its zinc 
contents are to be oxidised there and thus brought into solution. 
Neither of these piocesses have found any application. 


(ft) The Ettiaciion oj Zuic Jroni 0ns 'in irhiih 'if n a Subsidiary 

i^onstitnenf 

Among the ores which contain zinc as a subsidiary constituent, 
only zinciferous pyrites residues have up to the present been sub- 
mitted to electrolytic extraction of the zinc. It is probable that in 
the immediate future the extraction of zinc from argentiferous zinc 
ores or zinc-lead ores will be attempted. 

Pyrites residues are the residues obtained in calcining pyrites con- 
taining zinc blende, the sulphur of which has been converted into 
sulphur dioxide and used for the production of sulphuric acid. They 
consist of ferric oxide, and variable quantities of zinc sulphide, oxide 
and sulphate. They can only be used as iron ores when the zinc has 
been removed from them ; as long as they contain zinc they are 
worthless. In order, therefore, to make these residues valuable as 
iron ores on the one hand, and for the extraction of their zinc con- 

* Englinli Patent, No. 12,249, September 27, 1886. 

- 1). R. Patent, No. 49,682. 
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tents on the other hand, electrolytic processes have been proposed, 
and have recently come into* use for the residues of pyrites from 
Meggen, which contain from 5 to 15 per cent, of zinc. Leaching 
these residues by sulphuric acid was found not to be profitable, as i . 
was not possible to remove the whole of the zinc, and as the zinc 
vitriol produced found no market. The zinc was therefore converted 
into chloride either b}^ a chloridising roasting^ of the residues (see 
page 198) or by treating them with solutions containing certain 
chlorides. The chloride of zinc was then dissolved and zinc cxtva(*tod 
from the solution. Several works have been built and have atavtcil 
operations, viz., near Duisburg, at Fiihrluit on the* Lahn, at Weideaau 
in Siegen, and at Homberg (m the Bhine. The Duisburg Works are said 
to use a metho<i devised by Kittler, and the Fuhrfurt, Weidenau ;md 
Homberg works a process of Hupfner, both of which are kept secret. 
At Duisburg, Hermann's electrolyte, namol} zinc sulphate togtjther 
with alkaline sulphates, is said to bo employed. At the other works 
chloride of zinc is said to be produced by a chloridising roasting of 
the zinciferous residues, and the solutions containing chloride of zinc 
to be purified and then electrolysed. The chloime at the anode is 
removed by means of an air current, and passes into chambers in 
which it is used for the production of chloride of lime. The author 
knows nothing about the details of the construction or of the com- 
mercial results obtained. A difficulty in the employment as iron 
ores of the pyrites residues freed from zinc, is occasioned by their fine 
state of division. 

The extraction of zinc from argentiferous lead ores containing 
considerable quantities of zinc, such as occur for instance at Broken 
Hill in New South Wales, has not yet been perfected, but is, how- 
ever, now being worked at. With cheap motive power, extraction of 
zinc from such ores electrically may probably be employed with ad- 
vantage, seeing that the removal of zinc from these ores by means of 
dressing is not possible without great losses of lead and silver. For 
a. portion of the Broken Hill ores, consisting of intimate mixtures of 
argentiferous galena and argentiferous zinc blende, a plant for the 
Ashcroft process is at present being erected at Newcastle in New 
South Wales. The author had an opportunity of examining the ex- 
perimental plant for this process at Grays, in Essex, England. The 
process consists in converting the oxide of zinc in the calcined ores 
into chloride of zinc by means of ferric chloride, whereby the iron is 
separated as ferric hydrate and mixed with the ore. The ores thus 
freed from the greater portion of their zinc contents are smelted for 
argentiferous lead and the zinc is precipitated by the electric current 
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from the solution of chloride of zinc, the solvent being at the same 
time regenerated. Sheet zinc is used for the cathodes, plates of cast- 
iron and afterwards plates of carbon being used as anodes. The 
chlorine evolved during the electrolysis combines with the cast-iron 
anodes to form ferrous chloride solution, whilst where carbon anodes 
are used it converts ferrous chloride into ferric chloride. Both by the 
fonnjition of ferrou.s chlorides, as also by tlie conversion of the latter 
into ferric chloride, electric energy is introduced into the circuit. To 
prevent the deposition of iron at the cathodes the solutions of ferrous 
and ferric chloride are separated from the zinc chloride by diaphragms 
oi cotton, tiic zinc chloride solution forming a higher column than 
the solution of the iron salts. From the solution of zinc chloride to 
bo electrolysed first the iron is precipitated, and then the other metals 
which are electro-negative to zinc, and the solution is conducted first 
into the cathode department and then into the anode department of 
the bath, ]>assing first to the iron and then to the carbon anodes. 
The baths provided with iron anodes form twt)- thirds, those with 
carbon anod(*s one-third of the total number. Tlie solution escaping 
iumi the Iasi carbon anode bath still contains a certain (juantity of zinc, 
and IS used for the solution of fresh quantities of zinc oxide from 
the calcined ores. The baths arc arranged in circuit, the electrodes 
in the* ditferoiit baths being coupled in parallel. The current density 
amounts to 5 ampt^rcs per square foot, the tension in the baths with iron 
anodes to 1*1 volts,iu those with carbon anodes to 2*7 volts. The quan- 
tity of zinc deposited per amp6rc hour is equal to at least the theo- 
retical amount grains) ; the consumption of power to precijiitate 

oiu‘ kilo of zinc amounts to 21 horse-power hours, or if steam is used, 
to S kilos of coals. The zinc is obtained in compact form and is easily 
stripped oflf from the ciithode sheets. It contains an excessively small 
amount of iron sind therefore simply needs re-melting. Of the zinc 
conti-nts of the ore, (JC per cent, are removed by the solution of ferric 
< hioride, wliich contains 0*8 to 1 ounce of iron in the gallon. For 
100 i>arts by weight of zinc GOJ })arts by weight of iron are consumed, 
theory requiring only The ferric chloriile which is lost in the 

<Mmrs(‘ of the ])rocess is replaced by tlie combination of the chlorine 
with iron during electrolysis of zinc chloride. Zinc chloride is ob- 
tained b\ decomposing zinc sulphate with common salt, the zinc sul- 
phate being ]irodueed by a slow oxidising roasting of ores containing 
zinc blende. The advantages of the Ashcroft process are the following : — 

1. The calcined ore is freed from the greater part of its zinc 
contents. 

2. The fenic hyilrate, formed on treating the calcined ore with 
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a solution of ferric chloride, forms a suitable Hux for smelting tlio 
ores, serving to slag off the silica and the residual zinc, as also for 
the decomposition of the sulphide of lead, after the oxide of iron has 
been reduced to iron. 

8. The solvent for zinc is regenerated in the course of the 
electrolysis. 

4. By the formation of ferrous chloride and by the conversion of 
tills salt into ferric chloride in the course of the electrolysis, a notable 
quantity of electrical energ} is introduct^d into the circuit./ 


2. Th.e EhctrohjVc Ertmciim of Zl)v\fnnn AWojs 

When zinc allovs are submitted to electrolysis, tbcsi* form the 
anodes of the circuit, so that the back elect n^motive foice is to a 
great extent count <‘ractod. Both impure zinc, as also alloys of zinc 
witli lead and silver, have bt‘en tn*ated c^ectrolytically. The electro- 
lysis of zinc containing lead is carried out at the works of Aaron 
Hirsch at Ilsenberg in the Harz, water furnibhing the motive ])ower. 

Zinc acetate is said to be used as the electrolyte, A pun* zinc, 
free from lead, is obtained from impure zinc, and it fetches so high a 
price that the works arc pa}ing well. The process is kept secret. 
Rosing^ has proposed a process for the electrolytic extraction of ziiu* 
from so-called zinc scum, an alloy of leatl, silver and zinc, obtained in 
desilvcrisatioii. This method was tried experimentally for a wdiile at 
the Frederick Works, in Upper Silesia, but has had to be given up 
because the distillation of zinc from the zinc scum was found to 
be clicaiier than its electrolysis. The zinc is present in relatively 
small amount, and irregularly distributed in the* scum. The latter is 
also so brittle that it cannot be moulded into plates. R(3sing there- 
fore employs the zinc scum in the form of iwiwder, and arranges his 
electrodes horizontally. Round wooden vats were used as baths. The 
electrolyte was zinc sulphate ; the anode consisted of a plate of lead 
lying on the bottom of the vat and covered witli powdered zinc scum. 
Above the latter w'as the cathode, consisting of sliect zinc and sup- 
ported upon insulators. Several vats were arranged, one above the 
other, so that the electrolyte could traverse them from above down- 
wards. As soon as the zinc had been dissolved from the grains of 
the zinc scum to a certain depth, and the contact of the electrolyte 
with the zinc still contained in the zinc scum was thus gradually 
diminished, or almost prevented, the scum was removed from the 


^ I). U. I'atent, No. S.S,580 ; Pntt&if. ZtHchr.^ IHHO, p. 01 ; JHmjL Journ., 1887, p. 03. 
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baths and submitted to liquation to free the grains from the crust, 
which consisted of a mixture of lead and silver, and thus to obtain a 
fresh zinc surface for the action of the electrolyte. The liquated 
zinc scum was as'ain submitted to electrolysis, and then again 
liquated. Liquation and electrolysis thus alternated until the greater 
portion of the zinc was removed from the scum. The residual ar- 
gentiferous lead was cupelled. The zinc, which carried both lead 
and silver, was used for desilverising work-lead. As stated, this 
piocess has not come into use. At present, attempts are again 
being made at the Frederick works to electrolyse alloys of zinc, 
silver and lead, which are free from oxide. 

At Hoboken, near Antwerp, until recently alloys of zinc' and 
silver, which were obtained by desilverising work-lead by means of 
zinc containing aluminium,^ were submitted to electrolysis. The 
anodes consisted of plates of the above alloy; the cathodes were 
sheets of zinc in the form of discs of 3 feet 3 inches in 
diameter, which were fastened to a horizontal spindle. This was 
situated above the surface of the bath, and was revolved so that half 
of the cathode was inside the solution, the other half outside it. By 
turning the cathodes the solution was kept in movement. The 
electrolyte consisted of a solution of chloride of zinc in chloride of 
magnesium of a specific gravity of 2'2 to 1 ’27. After the removal of 
the zinc from the anodes, these produce a mud consisting of 75 per 
cent, of silver and 12 p(*r cent, of lead. Experience up to the present 
has not shown any advantage in electrolysis as compared to other 
methods of separating zinc from silver and lead. At Lautenthal, 
the aluminium proce.s3 lias been given up. and distillation is 
to be introduced. At Hoboken, also, the old process (desilver- 
ising with the addition of zinc and distilling off tlic zinc from the 
alloy) is now being used. The zinc so obtained is again used for 
desilverising work-lead. The appai’atus of Bridgman ® also depends 
upon the principle of keeping the solution in movement by means of 
jotating cathodes; its construction is shown in Figs. 150 to 162,'* 
ID wliich A is the tank containing the electrolyte. Within it rotates 
the .shaft,!?, protected by an insulator, r, and to which the cathodes, i?, 
are secured by means of screws and wedges, these screws forming at 
the same time the connection between the cathodes and the con- 
ductors. /> are the anodes, which are cut out as shown at i\ so as 
not to interfere with the movement of the shaft. The detail of the 
coQltruction of the cathodes is shown in Fig. 162. The sheet 

^ Vol i., p. 56‘2. ^ U.S.A. I'atent, No. iV2(i,4K2, September 2.'}^ 1894, 

» Bouhers, Ekrtro-Chun,, 189r», p. 104, Halle, A. S. 
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metal forming the cathodes, which is coated with graphite, is secured 
in the frame, made of non-conducting material. It can be re- 
moved from these frames as soon as the deposit has attained the 
desired density; q is an opening provided with a locknut, 
through which the shaft passes. 



Projects for the Electrolytic Extraction of Zinc 
IN THE Dry Way 

Up to the present, it has not been found possible to extract zinc 
electrolytically in the dry way. Proposals based upon laboratory 
experiments for the extraction of the metal on a large scale in this 
manner depend upon the electrolysis of molten zinc chloride, or of 
molten mixtures of zinc chloride with other chlorides, principally 
those of lead and silver. Borchers ^ proposed to electrolyse fused 
chloride of zinc between anodes of carbon and cathodes of sheet zinc 
with current densities of 100 to 200 amperes pei square foot of cathode 
area, and tensions of 3 to 4 volts. He points out that the advantages 
of this process, which would produce zinc at the cathode and chlorine 
at the anode, the latter to be utilised in any desired manner, would 
be that with an equal consumption of power an apparatus for 
electrolysis would be five to ten times smaller than those required for the 

^ Ehkho 2m. 
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electrolysis of aqueous solutions of zinc salts when insoluble anodes 
are employed, and that chlorine would be produced without the 
employment of diaphragms. With the above current densities, the 
tension, even when the current density at the anode is considerably 
greater than that of the cathode, is said not to exceed 3 to 4 volts. 
When acjueous solutions of zinc salts and insoluble anodes are 
employed, this tension is said to exceeded even when the current 



density amounts only to 50 amperes per square foot. Borchers ^ has 
proposed an apparatus shown in Figs. 1C3 and 164 for the electrolysis 
of fused zinc chloride upon a large scale, Fig. 163 being a vertical 
section through the apparatus, whilst Fig. 164 shows a portion of the 
cover in plan ; a' is a lead vessel liaving the shape of an inverted 
truncated cone, which has at its upper part a groove, y, into which the 
cover, z, fits. A channel, w, in which water for cooling the apparatus 


^ Op. n'f.f p. 295. 
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circulates, surrounds the upper portion of the vessel. The leaden pan 
is set in an iron pan, v, filled with sand, which is heated by nuMns of a 
grate. The electrolyte is contained in the leaden pan. The anodes 
are formed by rods of carbon, inserted through the cover of the pan 
and connected with each other by means of the annular clamp, k, this 
clamp being connected with the cable u. The individual carbon rods 
are surrounded by insulators, ?/^ where they traverse the cover. The 
cathodes are formed by pieces of sheet zinc attached to the walls of the 
leaden pan and connected with the cable An opeipng in the 
middle of the cover, provided with a tubulure, d, serves to conduct 
away the chlorine evolved during electrolysis, a second opening, /, 
which can be closed when desired, serving for the introduction of the 
zinc chloride during the operation. The operation is to be conducted 
as follows : — Chloride of zinc ie to be melted in the leaden pan until 
the molten mass fills the groove y» 

The cathode, n, is then intro- 
duced, the cover is put on, and 
cold water is allowed to fiow 
through the channel The 
cover is kept suspended until a 
crust of salt, has formed in the 
groove and around the upper 
portion of the pan, when it is 
allowed to settle down ; the cur- 
rent is then passed through, and 

on account of its great strength, such a quantity of heat is evolved 
that but little firing is required. The zinc deposits on as much of 
the cathode as is not protected by the crust of zinc chloride, the 
chlorine escaping through the tubulure d. Fresh chloride of zinc is 
added from time to time through the opening / in order to keep the 
pan constantly filled with the molten salt. When a sufficient quantity 
of zinc has been deposited at the cathode, the water current is cut off, 
so that the crust of salt in the groove, y, melts, when the cover can be 
removed, the cathode with the deposit of zinc taken out, and replaced 
by a fresh one. This apparatus of Borcliers has not yet been employed 
practically. Lorenz^ proposes to' submit molten mixtures of the 
chlorides of zinc, lead and silver to electrolysis, when lead and 
silver are said to separate out first, and afterwards pure zinc to be 
deposited. This proposal too has found no practical application up 
to the present. 

1 Zeitsrh.f. Ehetro-Chem., 1895-96, No. 13, p. 318. 
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Treatmmii of Ores containing Zinc for the Production of IferchantahU 

Zinc Co^n^pounds 

In many cases ores of zinc are treated in order to produce market- 
able compounds of zinc, as zinc oxide, mixtures of zinc oxide, 
lead oxide and lead sulphate, fi zinc vitriol. Such compounds of 
zinc are as a rule only then produced, when the zinc-bearing ores are 
not suitable for the extraction of metallic zinc, either because they 
contain other valuable metals, such as iron, lead or silver, or because 
they are too poor in zinc. Such ores are more particularly zinciferous 
iron ores and zinciferous lead or silver-lead ores. The extraction of 
zinc white is carried on in the eastern United States of North America, 
especially in New Jersey and Pennsylvania, the production of a 
mixture of zinc oxide, lead oxide and lead sulphate, in the States of 
Missouri and Colorado, and the production of zinc vitriol at the 
Julius and Sophia works in the Lower Harz. 

Production of Zinc Wh itt 

Zinc white is produced at the works of the Lehigh Zinc and Iron 
Company,^ at Bethlehem, Pennsylvania, at the works of the New 
Jersey Zinc and Iron Company at Newark, New Jersey, at the works 
of the Passaic Zinc Company near Jersey City, and at the works of the 
Bergen Port Zinc Company at Bergen Port, New Jersey. The ore 
employed for the production of zinc white consists chiefly of a 
mixture of franklinite and willemite, with variable quantities of 
calamine and calcite. Zincite, rhodonite and tephroite also occur 
irregularly disiributed in the mass. According to Dllrre ^ the iranklinite 
contains 9*20 per cent, of manganese, and willemite 2 to 7 per cent., 
the more rarely occurring rhodonite 42 per cent., and the also scarce 
tephroite 54 per cent. The average analyses of considerable quantities 
of these ore mixtures are as follows, accordini? to Diirre : — ^ 


Tttyloi Miiu. ! Stvrlinf; mil. 



1 

O 

9 

■* 

• 

1 

== 

Si()„ . . . 

10-21 


10*33 

11*77 

4-86 

5*15 

Fe,(), . . 

31-41 

27 r )4 , 

30 * 3 « 

30*91 

30 *: i 3 

27*62 

MnO . . 

15*84 

17-«3 , 

15*95 

10*27 

12*30 

13*09 1 

1 ZnO . . . 

32 83 

35*88 ' 

26*34 

25*71 

29*42 

23*38 

! AlgOa . . 

0-21 

0*24 1 

1*16 

2-01 

0*67 

0*64 1 

1 CaO . . 

5-09 

2*01 

7-15 

10*43 

12*65 

14*37 

MgC) . . 

— 

0*77 

1*09 

0*99 ' 


1*98 ' 


* ZeitBchr. d. Ver, DtiUwh. Iny,t 1894, p. 185. ® Loc. cit. 
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The 6&rlier exporimonts for oxtractin^ motallic zinc from thoso oros 
failed on account of their high percentage of iron and manganese, by 
which the retorts were destroyed. *On the other hand, the treatment 
of the raw ores for iron was rendered difficult by the amount of zinc 
present. An Amencan, Samuel Wetherill, was the first to succeed 
in treating these ores by employing them for the production of zinc 
white by means of special furnaces designed by himself. The residues, 
rich in iron and manganese, which were thus obtained/ and which 
only retain a small quantity of zinc, proved to be a suitable material 
for the production of spiegcleisen, which is at present extracted fiom 
them. Wetherill i educes the zin*. oxide of the ores in furnaces, 
lying upon a grate designed by himself, or upon a bed of anthracite 
resting upon the latter, zinc being thus produced whicii is burnt to 
zinc oxide immediately upon its production, by the air and the 



carbon dioxide contained in the products of combustion. The 
process is only successful when pure oxidised ores are employed, such 
as exist in the above-named ore mixtures, when the fuel used is a 
pure coal burning without the formation of smoke or soot, such as is 
found in Pennsylvanian anthracite, and when the Wetherill grate with 
blast in the ashpit is made use of. The zinc oxide intermixed with the 
products of combustion is cooled down and collected in bags after the 
zinc has been completely burnt, and particles of coal and ashes have 
been separated from it, whilst the permanent gases evolved escape 
through the pores of the bags. As regards the construction of the 
furnace, and of the cooling and condensing arrangements, the furnace 
is similarly constructed in all the above-mentioned works, whilst the 
cooling and condensing plants only differ in unessential details. 

The Wetherill furnace, represented in Figs. 165 and 166, consists of 
an arched chamber provided with doors at either end. Inside it there is 
a grate, a, consisting of a plate of cast-iron 1*4 inches thick, pierced 
with conical holes (100 holes to the square foot), the upper smaller 

Q 2 
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end being 04 inch in diameter, whilst the lower larger diameter 
amounts to 1 inch; the grate is supported upon cast-iron bearers. 
Owing to the conical shape of the holes they are prevented from becom- 
ing stopped up. Underneath the grate there is a closed ashpit, h, into 
which air is introduced by means of lateral flues, c. The air is forced 
by means of a fan into a flue running underneath 
the ashpits of a whole scries of furnaces, as shown 
in Figs. 1C7 and 108, in which C shows the flue 
running underneath the furnace a. From this main 
flue small flues ascend in the brickwork between 
the individual furnaces, and these are connected at 
their upper ends by means of small horizontal flues 
with the ashpit. These horizontal flues, r (in Figs. 
165 and 166), can be closed by means of dampeis, 
so as to enable the blast to be cut off from any 
particular furnace, if the charge in it has been 
worked off, or foi lepairs. In the arch above 
the furnace there are flues through which the gases, vapours and 
flue dust escape. With smaller furnaces there is only one flue, q (in 
Figs 165 and 166) to each furnace. Larger furnaces (Fig. 167) have 
two flues. The gases and vapours pass through these flues either 
directly into a main flue, h (Figs. 165 and 1 66), or as at the Lehigh 
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Zinc Works (Figs. 167 and 168), first into vertical iron pipes, B, and 
then into a main flue, D. The individual furnaces are united to form 
blocks, which contain up to 34 furnaces (see Fig. 168). The furnaces 
are either single or double, according as each furnace extends through 
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the whole width of the block or not. The width of the furnaces at 
the grate is 3 feet; the leiigth of the single furnaces amounts to 
5 feet 5 inches, that of the double furnace to 15 feet. The height 
of the crown of the arch above the hearth is 3 feet. The area '^f 
the flue in the arch is about 1 si^uare foot. The doors at tlie 
short ends of the furnaces are set in arches 12 inches high and 
32 inches wide. The gases pass through the collecting flues into two 
towers one after the other, in which, on the one hand, any uuburiit 
zinc vapour is completely burnt to zinc oxide, whilst, ^on the other 
hand, any particles of ash or fuel carried off with them, are deposited. 
The towers used at the Lehigh Works are shown in Fig. 168,^ The 
current of gases and dust passes through the tube P into the tower 
E, being drawn in by means of a fan, erected behind the second tower. 



G9 feet high and 70 feet in maximum circumference, which it also 
traverses from below upwards. Many of the towers are said to also 
contain partition walls. From these towers the gas current passes 
into cooling chambers. A fan is arranged between the last tower and 
the cooling chamber, by means of which the current is driven into 
the latter. In Fig. 168, G is the outlet from the last tower, H is the 
fan, and J the cooling chamber. At many works the current is 
divided between two cooling chambers, which it traverses lengthways. 
In these chambers the current of gas and dust is cooled down to such 
an extent that the zinc oxide and gas can be separated from one 
another in bags of cotton or twill without injury to the latter. The 
construction of the cooling chambers used at the Lehigh Zinc Works 
is shown in Figs. 169 and 170.^ They are 98 feet C inches long, 
20 feet wide, and 42 feet 6 inches high up to the base to the roof, 
their walls consisting of polished woodwork, whilst the roof is made 

1 Durre, /or. cit. ^ tStrecker, JahrK r/. K, K. MinUaidehranataJlUn, 27, 1879. 
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of corrugated iron, and the floor, which is formed of sheets of iron, 
;p and q, sloping towards each other, rests upon supporting walls s. In 
order to remove the oxide of zinc deposited in these cooling chambers, 
there are shoots, r, in the bottom, provided with sliding doors ; a; is a 
drying floor made of sheet iron upon which the zinc oxide, collected 
in the cooling chambers, is dried. From the cooling chambers the 
gas current enters the chambers in which the zinc oxide is caught, the 
so-called bag chambers. In these the current is distributed through 
a system of horizontal pipes running near the roof. At distances oi 
3 feet apart vertical branches descend which have also prolongations 
upwards. To these there are attached bags or hose 30 to «SG feet 
long and about 2 feet in diameter, made of strong cotton Avhich hang 
down vertically. They are either open below, or else several such 
sacks are connected together at the bottom in the form of a U. The 
zinc oxide collects inside these bags, whilst the permanent gases 
escape through the meshes of the cloth and thus into the open air. 
Tlie arrangement of these bag chambers at the Lehigh Works 
is shown in Figs. 171 and 172.^ A" is the tube which conveys the 
current of gas from the cooling chamber, J, into the bag chamber. It 
opens into the main pipe, 7), 0 feet wide, from which the lateral 
branches, M, open out. N are the bags attached to these branches. 
The topmost portion of the bags has also been made of wire netting 
for a length of some (» foot, in order to avoid any injury to the upper 
portion of the bag by the gases, which are still hot. The open 
bottom ends of the bags rest either upon the floor or open into casks, 
in which the zinc white is collected by beating the bags. There are 
altogether 708 of these bags at the Lehigh Works. 

The ore and anthracite arc employed crushed to pea size. The 
grate is first covered with a bed of anthracite, varying in weight 
between 165 and 2U0 pounds, according to the area of the grate. 
The blast is then turned on, and as soon as the layer of coal is 
thoroughly ignited, a mixture of ore and anthracite is piled upon it. 
A single fiimace is charged with 250 to 300 lbs. of ore and a double 
furnace with 480 to 520 lbs., anthracite to the amount of 40 per 
cent, of the weight of the ore being mixed with it. When the fur- 
naces are being regularly worked they remain sufficiently hot after 
the residues from the treatment of a charge have been removed, to 
ignite the next charge. The air, entering through the holes in t e 
grate, burns the anthracite, producing carbon dioxide. This, on its 
ascent through the layer of anthracite, is partly reduced to carbon 
monoxide by means of which gas, as also of the carbon of the inter- 

^ Diirro, loc. cit. 
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mixed coal, the oxide of zinc is reduced to metal The vapours ot 
the latter are converted into zinc oxide by the action of the oxyfjen 
m the excess of air, as also, after partial cooling, by the carbon dioxide 
contained in the current of gas, and this zinc oxide is carried off by th^ 
gaseous current, passes with the latter through the above-described 
apparatus, and is finally caught in the bags already described The 



PiOB 171 and 


time occupied in working d» charge depends upon the size ol tne 
furnace At Bethlehem, with a single furnace treating 300 lbs of 
ore per charge, it occupies 4 hours , at the Passaic Works, with a 
charge of 250 lbs , 6 hours One workman per shift is required for 
every 4 single furnaces His duties, m addition to charging and 
emptying out the furnace, are to keep the charge sufficiently open for 
the blast to pass through it, and to see that the temperature is mam- 
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tained. The residues remaining on the grate generally contain from 
2^ to 4 per cent, of zinc, so that the loss of zinc varies from IQ 
to 20 per cent, of the percentage present in the ore. The propor- 
tion of zinc retained by ♦he residues cannot be diminished either by 
increasing the quantity of coa’ "»r by leaving the charge for a longer 
time ii( the furuace. It depenuj solely upon the depth of the layer 
of ore and is less the tliinner the charge is spread out upon the grate. 
For instance, in a series of experiments at the Now Jersey Works,^ 
when the depth of tlie charge above the grate amounted to between 
5 and 8 incites, and the charge was left from T) to G hours in the 
furnace, the percentage of zinc in the residues was from 1*20 to 4 per 
cent., whilst when the charge was spread in a layer 12 to 18 inches 
thick and left for 13 J to 28 hours, it amounted to 8 to 10 per cent. 
The residues partly form sintered blocks 2 inches in thickness, 
partly small pieces and dust. In addition to the constituents of the 
ore that remain behiud, they also contain the ashes (15 to 20 per 
cent.) of the anthracite, as well as iinic, which is in many cases 
added. According to Durre, their chemical composition varies between 


the following limits ; — - 

Silica . . .... 18 to 28 

Ferric oxide ... 20 „ 30 

Alumina ... 2 ,, 0 

Mangauous oxide . 10 „ 20 

Zinc oxide 3 „ lo 

Lime 8 ,, 10 

Magnesia 1 „ 4 


On account of their richness in iron and manganese they are 
smelted for spiegeleisen. The zinc oxide is collected in the above- 
mentioned bags, whilst impure zinc oxide to the extent of 2 to 3 per 
cent, of the total quantity produced is deposited in the flues, pipes, 
towers and cooling chambers. The latter is removed from time to* 
time, generally once a week, and is either sent into the market as 
inferior zinc white or is returned with the o*res to the Wetherill 
furnaces, or is smelted for metallic zinc in retorts. The zinc white 
deposited in the bags is removed from them by shaking and beating 
from time to time, generally at intervals of from 2 to 4 hours, and is 
collected into barrels. If it is damp, it must first bo dried upon the 
drying floor of the cooling chambers and then sifted in a cylindrical 
sieve, the screening surface consisting of closely-woven linen. At 
some works, as at Bethlehem, the dried and sifted zinc white, after 
^ Strfckcr, o^>. r/V., p. 344. * Lor^ cif. 
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the casks have been filled, is compressed by means of a press attached 
to the side or cross-walls of the building, an# the cask is then again 
filled up. The zinc white is sometimes also pressed first in ordinary 
sacks, and then packed in casks. 

At the works in South Bethlehem, the #e fiist undergoes a it ducin<; 
calcination in order to convert the iron in*h magnetic oxide, and is 
then divided into portions, poor and rich in iron respectively, by 
means of a magnetic separator. The poition jioor in iron wnicli 
contains 46*38 per cent, of zinc, 376 per cents of iion, and 6*68 
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per cent, of manganese, is smelted for spelter of a high degree 
of purity known as the Stirling brand, whilst the portion rich 
in iron, which contains 29*66 per cent, of oxido of zinc, 37*20 per 
cent, of iron, and 9*34 per cent, of manganese, is first treated for the 
production of zinc white, and then smelted for spiegeleisen. The 
reducing calcination is performed in a rotating calciner heated by gas 
shown in Fig. 173.^ 

The ore is mixed with 20 per cent, of its weight of anthracite and 
then introduced into the rotating calciner, (7, over the sloping sur&ce, 

V. Ehrenwerih, Mining and Metaltnrgy at the, Chicago Exhibition, Vieuoa, 1895. 
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B, by means of the elevator, A, The furnace is heated by producer 
gas generated in TayloH gas producers, D. The ore escapes through 
the bottom end of the furnace heated to bright redness, whilst the 
products of combustion escape at the upper end into the stack, F, 
From the rotating furnace Ifte ores enter the rotating cooler, (t, through 
which a current of cool air passes, whilst water is allowed to run over 
the outside. The cool ore is raised by means of the elevator, JS*, into 
the hopper, Z, and carried by a blast through the pipe, Jy into a second 
olevator, which raises it on to the sieve, Ly upon which the unconsumed 
anthracite is retained. The ore that passes through the sieve is 
transferred to three magnetic separators, N, lying one below the other. 
The non-magnetic portion of the ores from each separator enters the 
hopper for zinc ores. The separator works with a current of 50 
amperes and a tension of 80 volts, requiring 20 horse-power to drive 
it, and treating 40 tons of 6re in 24 hours. 

The construction of the furnace for the production of zinc white 
is shown in Figs. 174 to 176, the plant for collecting the zinc white 
in Fig. 177. The furnace grate is 10 feet long and 4 feet wide. 
Furnace and ashpits are provided at their short ends with doors, wdiich 
are kept closed during the operation. From the arch of each furnace 
two vertical shtet-iron pipes lead into the main pipe, V ; the latter 
opens into a cooling chamber which is connected to the cooling tower, 
W, From this tower the zinc oxide passes into the pipe JT, and by 
means of a fan is forced into the cooling chamber J", which com- 
municates with the bag chamber S. After the grate has been covered 
with a layer of anthracite, this is ignited, and then a layer of mixed 
ore and anthracite 4*7 to 7 inches deep is spread over it. The blast 
is then introduced, and at the end of C hours 83 per cent, of the zinc 
of the ore is converted into zinc white. A small portion of the latter 
is collected in the cooling chamber, the greater portion in the bags ol 
the bag chamber. For 100 parts of franklinite 56 parts of coal are 
employed for admixture and 46 as fuel, the product of the above 
quantity of franklinite being 24*5 parts of zinc white, containing 
09*87 per cent, of oxide of zinc, and 1*5 parts of impure zinc white, 
containing 90*34 per cent, of oxide of zinc, together with 06*22 parts 
of residues. The latter are treated for spiegloisen and zinc oxide. 
Their composition is as follows 

Per cent. 

Zinc oxide 6*1 

Iron 38*98 

Manganese 10*83 

Silica 10*89 

Phosphorus 0*026 
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The residues are smelted in a blast furnace 35 feet high, with hot 
blast heated to 480° C. ; the vapours of zinc escape from this furnace 
at so high a temperature that they cannot condense in the upper 
portions of the latter. The vapours and gases pass from the blast 
furnace as shown in Fig. 177 into an arrangement, V, consisting oi 
vertical pipes in which zinc white and metallic zinc are deposited ; the 
gases are then used as fuel for the generation of steam and for heating 
the blast. To each furnace there are 2 of these condensers for col- 
lecting zinc and zinc oxide, which are used alternately, so^ that the 
working of the furnace need not be interrupted whilst they arc being 
cleaned out; 66*22 parts of residues ( — 100 parts of franklinite) yield 
31*72 parts of spiegehdseu, 2*33 parts of impure zinc oxide containing 
74*16 per cent, of oxide of zinc, and 57*80 parts of slag. 10 tons of 
spiegeleisen being produced every 24 hours. For the production of 
100 tons of spiegeleisen, 208*6 tons of residues. 114*7 of limestone, 
and 208*6 of anthracite are required. 

Zinc white is extensively used in the TTnited States Ibr paint. It 
has the disadvantage, as compared with the zinc white produced in 
Europe by the combustion of zinc, that it becomes slightly yellow 
in time. Zinc white is produced from zinc blende in the same way 
as it is from ores containing franklinite. If this blende is not 
dead roasted, the zinc oxide will contain some sulphate. At 
Bergenport the charge consists of 645 lbs. of calcined blende, 
and 300 lbs. of anthracite. Gray oxide of zinc has also been 
produced in this way in Europe. In Swansea, England, and in 
Belgium, calamine and the dressed residues from distillation vessels 
have been similarly treated for zinc oxide. If the ores contain 
galena, sulphate of lead and oxide of lead are also formed, these 
bodies likewise passing into the zinc white. 


Fre 2 tamtion of MixturcH of Oxide of Zinc, Snlphate of Lead and 

OAdv of Lead 

At various works the zinc is removed from lead ores containing 
zinc by reduction of zinc, oxide and oxidation of the escaping zinc 
vapours. The zinc oxide thus formed, which always contains con- 
siderable quantities of lead sulphate and lead oxide, is collected and 
sold as a paint. If the ores contain silver, a portion of the silver 
always passes off with the oxides. This process is carried out in 
reverberatory furnaces and in hearths. It is in use at Joplin, Missouri, 
and at Cannon City, Colorado, and is known in these places as the 
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Bartlett process. At Joplin, Jaspar County, Missouri,^ the ore consists 
of blende containing galena with 70 to 73 per cent, of lead. It is 
treated in double hearths cooled by air and water, the construction of 
which is shown in Figs. 178 to 180, with the addition of per cent, 
of lime, the first products being lead, zinciferous lead, fume and slag. 
The health rests upon cast-iron columns, so that its lower portion is 
cooled by air. The hearth space is divided by a hollow cast-iron 
block, lying on the bottom, into two portions, each of which forms a 
separate hearth, and can be woiked iinlcpendeutly of the other. This 


Side equation FiontEievation 



Section through 
the tuijeiea 

Kioh 178— ISO 


partition forms the back wall common to both furnaces, and has an 
opening in the lower portion, through which it fills with molten lead. 
Upon it lies a hollow cast-iron water box in which water circulates, 
and above this is an iron air box divided lengthways into two portions 
ill which air circulates. Through both divisions of the air main the 

^ Da>e}, Tiaiis. Ain, lin*t. Min. Eng,^ vol. xviii., p. 674; Cleic, Eng, Mug, 
Jowrn.y Julj 4, ISIH); Ramsay, Siienfific American, Supplement, May 14, No 593, 
1887 ; Ti'ant^, Am, hint. Mm Eng., February, 1889; J. R. Holibaugh, Leml and 
Zinc Mining in Mmsoim awl Kansan, New York, 1895. 
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last passes into a row of copper tuyeres, 7 for each division, which 
ass through the water box and convey the blast, heated in the air 
ox, into the hearth. By means of the blast a portion of the galena 
3 converted into lead sulphate and lead oxide, which bodies combine 
^ith the undecomposed sulphide of lead to form metallic lead and 
tulphur dioxide. A portion of the lead is volatilised and oxidised by 
.he blast ; a portion of the lead sulphide is also volatilised and con- 
certed by the blast into sulphate. The sulphide of zinc is first 
converted into zinc oxide, which is reduced by the fuel, the blast 
converting the zinc vapour again into oxide. The lead and zinc^fumo 
is cooled, and then collected in woollen bags, forming a gray powder. 
By burning out the carbonaceous substances, particles of soot and 
coal, contained in it, it is converted into white crusts, which are smelted 
with the slag obtained in smelting the galena, in low blast furnaces 
with coke at a veiy high temperature. An additional row of tuyeres 
is provided in the upper portion of the blast furnace for the oxidation 
of the volatilised lead and zinc. Lead, slag and fume are thus 
produced. The last-named is first cooled, and then collected in bags, 
and forms a white product, saleable as paint. Its composition 
shown in the following analysis : — 

I n 


PbSO. 


05 (K) 

PbO 

:5,’) HT} 

25-89 

ZnO 


ooa 

Sb"! • 

oua 

0-(»2 



CO, . 

I'.'va 

2 0<» 

SO, . 

H,0. 

0(»4 


(>•69 

OH.*; 


0 08 

0 08 


In the above described hearth 13^ tons of ore are treated in 24 
hours with a fuel consumption of 18J tons of coal. 

At Cannon City, in Colorado, a similar process is in use b} 
means of which the lead, silver and copper contained in the ore 
are finally concentrated in a matte. At Freiberg calcined zinciferous 
lead and silver ores were formerly smelted in reverberatory furnaces 
with coke, whereby the reduced zinc was volatilised and collected 
as zinc gray. In consequence, however, of the volatilisation of lead 
and sQver this process has been given up. 


The Production of Zinc VUriol 

At the Herzog Julius Works, at Ooslor, and at the Sophia Works, 
near Langelsheim, zinc vitriol is produced from the le^ ores of 
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Bammekiberg, which contain considerable quantities of zinc blende. 
These ores consist of : — 



Per Cent. 

Galena 

... 9 

to 12 

Zinc blende .... 

. . . 27 -. 

0 to dO 

Copper pyr^Ji^s . . . 

. . . 1 

to 1-69 

Iron pyrites . . . 

... 11 

16 

Gangue 

... 44 

.. 47 


The gangue consists chiefly of barytes. The ores are calcined 
three times in heaps, by which a poi*tion of the sulphide of zinc is 
converted into sulphate. The latter is more especially contained in 
the small ore, which is therefore removed after each fire. The first 
fire lasts for 6 or 7 months, heaps of 500 tons being treated ; the 
second and third fires are given in calcining houses, the heaps being 
left uncovered. Each heap contains above 500 tons of ore. The 
second fire lasts 6 to 8 weeks ; the tliiid, 4 to C weeks. The small 
ore separated after the various fires contains the zinc partly in the 
form of neutral zinc sulphate, partly as a basic sulphate, which is 
not soluble in water. It has the following average composition : — 


Per Cent. 

Ag 0*015 

CuO . ... 1*34 

PbO 14*44 

ZnO 10*12 

FeoO,, 22*95 

Sdg 15*95 

S 0*00 

Insoluble residue, alkaline earths, 

COg, HgO, traces of Mn . . 8*505 


In order to remove the neutral zinc sulphate, the small ore is 
systematically leached with water and waste solutions, and after 
being dried in reverberatory furnaces is smelted for lead, together 
with the lump ore from the third fire, in blast furnaces. The small ore 
is leached in horizontal cylindrical drums driven by machine power. 
The ends of these drums are made of cast iron, the sides of wrought 
iron. Their length is 3 feet 11 inches and their diameter 3 feet 
3 inches, and they will contain from 1 to 1^ tons of ore. The ore is 
leached four times, the two first times with the unsaturated solution 
from a previous operation, the two last times with hot water. The 
drums make 25 revolutions per minute. The first leaching lasts 15, 
the second 25, the third 10, and the fourth 5 minutes. The first 
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solution of 50'’B. and the second of are mixed so as to form a 
lye of 30'’B., clarified, freed from iron and sulphate of lime, and then 
evaporated down to the crystallising point, when the zinc vitriol is 
allowed to crystallise out. The solutions axe clarified first in wooden 
troughs 30 inches broad and 22 inches deep, and then in brick tanks 
lined with cement, 10 feet long, 4 feet 3 inches broad, and 3 feet 
3 inches deep. These tanks are provided nith a wooden grating, upon 
which there is a layer of the richest small ore. The solution is thus 
iiirther concentrated by being allowed to filter through *this layer. 
The clarifying of the solution consists in heating it for 24 hours to a 
temperature of 80° to 90 'C., in pans made of sheet lead 0*5 inch 
thick, 13 feet long, 10 feet broad and 2 feet deep, which stand upon 
a cast-iron plate, and ai*e surrounded with a brick wall one brick in 
thickness. The solution is then transferred to wooden boxes lined 
with sheet lead, 10 feet long, 7 feet 3 inches bre^ and 8 feet 
3 inches deep, for a period up to 10 days. The iron is conver^ by 
the hanting into a basic sulphate, and separates out together with the 
sulphate of lime and other difficultly soluble bodies, in the tanks. 
About half a ton of coal is required for the clarifying of 265 cubic 
feet of solution of SO'B. The solution thus purified is evaporated in 
pans similar to those used for clarifying, down to 60°B., and is then 
run out into cooling vats made of wood lined with sheet lead 
0*12 inch thick, in which the zinc vitriol is allowed to crystallise 
out for 6 to 8 days. The concentration of the solution from SO” to 
SO^B. lasts about 20 hours, the consumption of coal being from 17 to 
18 cwts. The cooling tanks are 32 feet 9 inches long, 5 feet br^. 
16 inches deep at the sides, and 20 inches in the <»ntre. The 
crystallised vitriol is dried. It has the following composition . 


ZnO 

MnO 

FeO 

SO, 

CuO 

HgO 


Per Cent 
25-4r) 
2-32 
0-47 
29-54 
trace 
41-67 


The presence of manganese gives it a pale pink colour. The 
mother Uquor is pumped back into the evaporating pans untd it 

becomes too impure. , • j -i ■ i 

A portion of the zinc vitriol is worked up into calcined vitnoL 

For this purpose it is heated iu copper vessels, which have lately 
been replaced by wrought-iron pans, S feet 3 inches deep and 4 feet 
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in maximum diameter, until it melts in its water of crystallisatioii, 
when it is stirred continually for 3 or 4 hours. The impurities 
that separate out are then skimmed ofiP, and it is finally ladled 
into wooden tanks, in which it is stirred with wooden paddles until 
it solidifies to a fine grained mass. It is then sifted and packed 
in barrels. At the Sophia Works 26G tons of crystallised vitriol 
produced 232 tons of calcined vitriol, with a consumption of 2,750 
cubic feet of cord-wood. 
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Physical Properties 

Cadmium haa a white colour with a bluish tinge; its structuiv is 
(lenHe, its frarture hackly. It crystallises in the forms ot the cubical 
system. It is soft and ductile, and can hi bolh beaten out into thin 
foil and drawn into wire. It is inWnjiediatt* botwet*n tin and gold in 
hardness and tenacity. 

Its specific gravity when cast is saifl to be when hammered 

When bent it “ cries ’* like tin. 

Its melting point is 316*' C. according to Wood, 320° C. according 
to Rndberg, and 355° U according to Wagner, Its boiling point is 
given as 720° C. by Becquerel, and as 800° C. by Deville and Triwist. 
Its vapour is orange-yellow and burns in the air, forming brown 
cadinic oxide. 

An addition of zinc renders cadmium brittle. 

Tt has the projiorty of lowering the melting points of certain of 
its alloys. Thus Bose’s metal, composed of 2 j)ai'ts of bismuth, I part 
tin and 1 part lead, melting at 03f ’ C.,haH its melting point brought 
down to 75° C. by the addition of 8 to 10 ikt cent, of cadmium. An 
alloy containing 8 parts lead, 15 parts bismuth, 4 parts tin and 3 
parts cadmium becomes pasty at (iO ’ C. and (juite fluid at 70° C.^ 

The melting point of soft solder, containing 37 jior cent, of lead 
and 03 per cent, of tin, is reduced to 130° C. by the addition of 8 per 
cent, of cadmium, and to 132° C. by the addition of 25 per cent.- 

THE CHEMICAL PROPERTIES OF CADMIUM AND OF PI'S COMPOUNDS THAI' 
ARE OF IMPORTANCE IN FI’S EXTRACTION 

When heated in the air to its boiling point, cculmium bums to an 
amorphous brown oxide, infusible at a white heat. It only deconi- 
jK)ses water when water vapour and cadmium va])our are allowi^d to 

^Lipowltz, Dingier^ vol. 168, p. 376, '•* Hauer, IJingftr, vol. 177, p. 164, 

VOL. II a 
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interact at a red heat. At l<»wer temperatures it only decomposes 
water in the presence of acids. It is s(»liible in hydrochloric, nitric 
and sulphuric acids. Zinc precipitates it tr»)m its solutions. Sulphur- 
etted hydrogen ])recii)itatc's it from nuKlerately acid solutions as 
a sulphide of various shad(‘s of yellow. Aectutiiiig to Niederldnder,^ 
cadmium sulphide of a jwile }'ellow colour is produced from solutions 
of the chloride or the sulphate* wlu‘n tlu* cuirent of sulphuretted 
hydrogen is intemipted after half tlu* metal has bc‘en precipitated, 
when the gas is allowed to come into contact as little as possible with 
the precipitate, and when the latter is washed with hot water. The 
(lark yellow sulphide is produced b} c(»mplt‘te precipitation with con- 
stant stimng and h(*atiiig of the pnrijatate during the whi>le period 
of the operation. A 10 jKU* cent, solution is best suited to th(* pro- 
duction of both the pale and the* dark 3 ’ellow sulphide. 

Orange-yellow cadmium sulphide is produced when sulphuretted 
hydrogen is ])assed into a nearly boiling 2 per cent, solution of the 
chloride* containing 5 p(*r cent, of lr(*e hydrochloric acid, the pre- 
cij)itate being constantly stiiTt‘d throughout the })reci)>itation. 

Cadmium oxidt* is reduc(‘d to metal by carbon and t‘arbon monoxide 
in the same way as zinc, tiie tem])erature of' redu(*tion being however 
lower than in the ctise of thi* latter metal. As cadmium also 
volatilises at a low(*r t(*mperatur(* than ziru*, thest* mentals can be 
separatt*d in the dry wa) withmit any sj»eeial difticultx. 

Cadmium hydrat<* is soluble in ammonia, but insoluble in exciiss 
of the carbonates of ]M)tash, soda or ammonia 

Cadiniuin alloys with many <»f the heav} metals: its alloys with 
gold, platinum and copper an* brittle, those with lead and tin ductile; 
its alloys wdth silxei- and mercury are ductile only in certain 
proportions. 

Zinc is rendered brittle and finel} granular l>y a considerable 
admixture of cadmium. 


Sources of CaDxMU^m 

(Vlmium occura in nature as sulphide, (MS, w ith 77‘G per cent, of 
cadmium, the mineral being knoxvn as Grccnockite. It occurs in such 
small quantities and is so rare (r.^. at Bishoptown in Scotland) that 
it cannot, be regarded as a source of cadmium. It occurs, however, 
in small quantity in most zinc ores, especially in bh*nde and calamine, 
for example, in amounts of 2 to 5 per cent, in Simnish calamines, of 
2 to () per c(*nt. in the radiaUM blende of Przibram,of 1*136 percent. 

^ Chemiker 18tt3, No. H!>. 
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ill blende from Nussiferes, and of 013 to 0*21 jier cent, in Belgian 
blendes. It also occurs in the *ziiie on^s of Upper Silesia, the Harz, 
Freiberg, Derbyshire and Cumberland. When these ores are treated 
in the dry way, the cadmium iiccuinulates in those bye-products that 
pass over first on distillation, namely, zinc fume, pomsitrc^ and flue- 
dnst. The zinc its(*lf also often contains cadmium. Thest* bodies, of 
which jiouHsiere from Belgium may contain as much as 30 per cent, 
of cadmium, form the sources from which this metal is obtained. 

Cadmium is used for the production of easily fusible Hllo^ s, of 
amalgam used for stopping teeth, (»f cadmium sulphide which serves 
a*^ a yellow oil colour, of ca<liniuin icwlide and bromide* for photographic 
and of the sulphate for nu'dicinal pur]K>scM On account ofit« liiiiitcil 
ii])plications, and of its low ])rice due theri‘to, onl} small <|nantities of 
cfidmium are ever extracted. 

The Kxtua<ti<»n of (linMirM 

Cadmium may Im* (»btaiiu‘d by both drv’ and wet methods, no 
attempts have yet been made to ppiduce it elcctrol}ticall}. 

It is, as a rule, obtained at pri‘stnt in the tlr^ way. The methods 
that have been proposed fa* its wet (*\ tract ion Iuim* not as yet been 
put into practice. 

Kvtrachoii In tJu’ Dty Way 

The extraction of cadmium in the dry way dep(*nds upon tin* 
j)ro 2 »erty of cadmium oxide of being reducible to metallic cadmium 
AajKiur by the action of carbon and carbon monoxide, at a temjierature 
below that at which zinc oxidi* is reducible to metal, and ujiun the 
liroperty of metallic cadmium of volatilising at a lower temjK‘ratur«* 
than metallic zinc. 

If a mixtuie of zinc and cadmium (»xide is acconlingly exjMised to 
the action of carbon in retorts at a comparative^ lc»w temiierature, 
about redness, cadmium is reduced fii-st and vajiorised, and can there- 
fore. be condensed in receivers and thus sejiarated from the zinc. 
When a mixture of zinc oxide, zinc, cadmium o>i<le and cadmium, 
with a comparatively low percentage of cadmium, such as forms thi* 
usual material for the extraction of cadmium, is reduced by carbon, a 
jiulverulent mass is obtained in the receiver, consisting of cadmium 
c»xide, cadmium, zinc oxide and zinc, considerably richer in cadmium 
than was the original mixture. Cadmium can then be extracted from 
this mixture either direct or after another further enrichment by a 
ri‘i>etition of the process of distillation. 

The original material is, as already stated, obtained in the process 
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of zinc (listilltilion, the i*nsily reducible and volatile eadiuiuiii mixed 
'vith zinc-dust and zinc oxide, Wing deposited in the cones attached 
to the aflapt(»rs for zinc distillation, or in the first dust chambers 
connected with these. 

The extraction of cadniium was formerly conductecl as follows in 
th(» Upper Silesian zinc works : — 

The matt*ria] was furiiish(*d by thi‘ so-called that is 
to say tin* fine-dust or zinc-dust collected during the first 8 or -4 
hours of the distillation, in th(* sheet-iron cones attached to tht* 
adapters; it was mixed with small coke in the proportion of 2.S cubic 
feet of coke-dust to 2 cwt. of zinc-dust, and distilled at a red 
lieat ill ordinary muffles with adapt.<*rs. The zinc, was thus in ])art 
collected in the adapters, whilst the dust enriched in its eadmium 
contents was caught in the attaches! cones. A charge took 12 hours 
to work off, and after every thri*!* charges the residui*s ri(*h in zinc 
were removed from the mnfflc*s. 

The dust nch in cadminm thus obtained was mixed ^^ith charcoal 
and distilk'd at a n*d heat in small cylindrical cast-iron retorts, 
provided with sheet-iron adapt eis, and which were hi‘atcd in tin* 
stack of the c^alamiiie ealeinei-s. 'flu* cadmium collected in the 
adapter, which was closed by a wooden plug. A ehaige ^^as treat (‘d 
in 12 h<mrs, and after three charg(*s had bi‘i‘n worked off, the residues 
Were removt*d. The cadminm was remelksl and cast into thin rods. 

At present first ])oimUr€ is no longi*r jiroduced at the majority of 
the works in Upper Silesia, (^ulniinm is now cxtraetcsl from the 
oxides deposited in the first portion of thi* dust-chambei's, sueh as form 
the continuation of Kleemari’s and DagiUTs adapters. Thesi* oxides 
contain over 1 per cent, of cadmium ; the) are mixed with a suitabli* 
proportion <»f coal, and arc distilled at a low red heat in the retorts 
that are used for zinc exiractimi, long shi*et-iron cones being 
used as adapters; eadmium collects in the latter intermixetl 
>\ith cadmium oxide, zinc and zinc oxide. The material so enrichi*d 
is mixed with charcoal and distilled in small cast-iron or clay rotorts; 
the former, used at Lipine, an* furnished with long conical sheet-iron 
adaptors. The latter hav(j no atiapters, but arc set at an angle, so 
that the cadimum collects in the front portion, whence it can be dmwn 
off through a tap-hole and cast into moulds. Cadmium collects in 
the adapters of the cast-iron retorts in the solid state. It is trans- 
fcri*ed to a ladle, covered with a layer of the oxides cleaned out from 
the retorts, then with a layer of tallow and melted. After fusion it 
is allowed to cool down somewhat, and is then cast in moulds made 
of ]inpc*r I’olled up so as to produce rods weighing 2 to 3 ounces each. 
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The cadmium collected in the clay rett)rts is tapped out into ladles 
and poured direct into cast-irtpi moulds made in two halves, whii‘h 
also produce it in the form of rods. 

At Lipine the dust-catchers connected with the Kleeman adapters 
in which latter a good deal of cadmium is volatilised, yield flue-du'^l 
containing at the outside per cimt. of cadmium. Dust containing 
5 to 6 percent, of cadmium maybe obtained by using globular sheet - 
iron receivers attached to the adapters: these arc taken off at the 
e\i)iration of to 2 hours, and the cliist that clings to jih( sides is 
shaken out. 

The flue-dust so obtained is next treated in an onlinary zinc muffle, 
]irovidod with a taper f'onical sheet-iron sdaptc^r about 3 feet long 
The charge for the muffle consists of 55 lbs. of flue-dusl and 44 lbs 
of cinder. Distillation takers abcait 22 hours, and the working 
about 2 hours. Flue-dust is deposited on the inside of the adajiter, 
considerably enriched* in cadmium, but <‘ontaining widely varying 
amounts of that metal. It is furtbei treated in cast-iron retorts, 
2 inches high in the clear, and (5*7 inches wide, the metal being 
alsrnt I inch thick ; those are pro\idid with a taj)i‘ring conical sheet - 
iron adapter, about J(j inches in length. The eharge fora retoit 
consists of 3 to 3 J lbs. of flue-dust, and 11 to 13 lbs of clean and 
flue-grainod dnder. Catimiuni in the form t>f dro))s and cadmium 
o\ide an* deposited inside the jidapter. this mixture is transfi rred to 
a small cast-iron ladle and heate<l under a layi*r of tallo\v, the molten 
eadmiuni being then cast into rods. The residues from the muffli^ 
and retorts are returned to a subset|uent charge. 

At the Paul Works in Upper Silesia, flue-dust collected from tin* 
fliu*s eoniu*cted with the Dagnor adapter is used as a soiiree of cad- 
iiiiuiii. It contains 3 to 4 per cent, of cadmium, and is distilled, as 
at Lipine, at a red heat for 24 hours in ordinary zinc muffles 
provided with a conical sheet-iron adapter. F'lue-dust with 20 per 
cent, of cadmium is thus obtaint*d, which is mixed with vMer and 
distilled in a cylindrical clay retort about 10 inches in diameter and 
4 feet long, the operation lasting 24 hours. The charge for a n*tort 
is 33 lbs. The retort has no adapter, and inclines towards the front 
of the furnace; the cadmium collects in this portion of the retort, 
and is tapped through a small hole into a ladle from which it is poured 
direct into moulds. The residues fn>m the retorts are added to the 
charges for zinc distillation. 

At Engis in Belgium^ zinc-dust, averaging 1‘5 to UG per e^nt. of 
cadmium, is mixed with coal-dust and treated in Belgian furnaces 
* Stadler, Jou.m.f. Pract, Chtm., 1864, \ol. 91, p. ,359; Divgltt\\o\. p. 286. 
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carrying three rows of small cast-iron tubes with cast-iron atlaptei-s 
and sheet-iron nozzles, the product being dust with G per cent. t)f 
cadmium. In 12 hours 2 cwt. <)f dust are treated in 11 tubes, 
yielding 28 to 82 lbs. of enriched dust. The latter is distilled again 
in the same plant, producing metallic cadmium, 28 to 32 lbs. being 
treated in 12 houi-s in four tubes. Thi' cadmium collects in tht‘ 
wlapters, whence* it is drawn off at iiiti'rvals of 1 hour, so that it 
shall be as free from zinc and iron as possible. It is then cast into 
moulds. The residues from the* distillation contain ()‘80 per cent, of 
cadmium; of the cadmium conttuits of the* original dust, 30'12 jmt 
cent, is saved, 21' 17 per cent, is left in the residues and 48*71 per 
cent, is volatilis<id. Three* grades t>f (*a(lmium are produci*d ; tin* 
purest kind, which is readily bt‘nt, amounts to about one-half of the 
total ; th(‘ next contains 75 pei* cent, of cadmium and can be bent 
with difficulty but yet without breaking, whilst the poorest (juality 
contains only 40 per cent, of (‘admiiim and is very brittle. Tht* 
inferior (pialities are j)urifit*d by fractional distillation. According to 
R. Wagner a sample of Silesian cadmium had the following com- 
position : — 

Cd 94-8G 

Zn 4*96 

Fe 0*28 

S]». gr. 8*528. Melting point 808° C. 

Extraction of Cadmium in the Wd Way 

W^et proces8(»s have bt*en ])roposed for (*xtracting cadmium both 
from zinc fume and from metallic zinc, containing cadmium,^ but 
have not yet come into use. 

The older suggestions depend upon tin* fact that when the abo\e 
substances are treated with hydrochloric acid, zinc will dissolve before 
cadmium, whilst the latter metal can be thrown down from its 
.solutions by the former. The sub.stances aiv to be treated with 
hydrochloric acid in such quantity that a portion of th(» zinc remains 
uinlissolved and can thus precipitate any cadmium that may have 
gone into solution; any lead ] absent will also be found in the residue. 
The latter is then treated with hydrochloric acid until a little 
cadmium has gone into solution, thus showing that all the zinc has 
been dissolviid out. The cadmium is thrown down from the solution 
by means of rods of zinc. The mixture of lead and cadmium is then 
subj^ted to distillation. The solution is to be neutralised with zinc 
finnci) and the zinc thrt)wn down from it as a hydrate by milk of Kme. 

, » Btru. um! Iftift. Xtg., 18«2, p. .m>. 
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Another method for obttiiiiiiig cadmium sulphide or oxide has 
been proposed by Kosinann ^ for the Hue-dust of the zinc reduction 
4ind blend calcination furnaces of Upper Silesia. 

The flue-dust from the* zinc furnaces, the composition of which has 
been given on pages 183 and 184 is to b(‘ treated with neutral ammo- 
nium carbonate, which dissolves the zinc, whilst the cadmium remains 
as insoluble carbonate. Th(‘ solution is he.'itwl, when ammonia and a 
part of the carbon dioxide are driven off, whilst basic zinc carbonatt* 
is formed which can be converted into zinc oxide by heating. Th«‘ 
residue is heated to convert the carbonate of lead presi*nt into oxi<h‘, 
and is then digested with solution of leail acetate, which dissolves the 
oxide of load. Carhe^n <lioxide is pissed into thf‘ solution, ])recipitat- 
ing the lead as white lead. The residue that was lefi , eontainiug 
the cadmium, either as oxide »>r -is carbonate, may he treatisl with 
dilute sulphuric acid to dissolve* the eadmium. which may be thrown 
down as sulphide by means of Milphiirettc*d hydi-ogeu. If cadmium 
oxide is to be produced, the residue is treatwl with nitric acid, the 
solution of e^mium nitrate is evaporated and the s.ilt heated, when 
brown cadmium oxide is left behind. 

This process has never come into use. 

Flue-dust obtained in calcining blende fn>m Upper Sih*sia also 
contains cadmium ; it is partly soluble and partly insohible in water. 
Th(* composition of two samples from the Silesia and Godiilla works 
respectively is shown by thi» subjointsl analyses*: — 

I, Fr.rE-i»rsT i-RtiM tiik Silksm Works. 


' 

Siilnblc. 

liimiliiblo. 

1 lUMiliiblu jiei 

ZnO 

17144 1 

7 102 

16-809 

PbO - 



«-28.‘) 

]4-69<l 

Clio 1 

0-874 

1147 

2-680 

TIO 

(HMHi 

_ 

— 

FeO 1 

1 -HOW « 



MnO 1 

1 -3,32 ' 

0-042(.Mu3O4) 

0-098 

Fe,0, 

1 . . ' 

W-043 

21-135 


J 1 

0-714 ' 

31 15 

0-478 

7*280 

1-117 

MgO ' 

0-1(18 

0-440 

1-028 

AbjO,. . . 

PA 

h,6 , 

_ 1 

0-401 

1 0-937 



0-2«3 

0-614 

20'4:K1 

(1«12 

15*453 

11-41H1 

— 1 

— 

1 Residue .... 1 

- 

7 ‘785 

18-146 

' 1 

.36-S04 

42-786 

99-997 






J Pretfst, JlIiiiMf. ZtiUchr., p.,2;W. nwl Ilftft, Zty., 1862, p. 505. 
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II. FliFE-DITMT FROW THE OoDTTLTiA WoRKS. 


' ZnO 
I PbO 
I CdO 
, TK) . 

FeO 
I MnO 


Fe,0, . 
AloO, . 
Ca?) . 
MgO . 
AfcO, . 

sK*. : 

HjO . 
Residue 


Hululilu. 


10-991 

1*12(1 

0*<I0U 

l-67tt 
0*4H1 
2‘04() 
1191 
U*4«4 
1 *337 


J3-32() 


3H*37fi 


99*994 




9o32 

8‘9H9 

1T)18 


rr)91(Mns04) 

ir>*92K 

4*(M)I 

ro7i 

0*858 

1*2K(( 

0*394 

9*(H>L 

0*804 


61*018 
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Kosmann proj)()S(‘s to troat thi'^ first with water and 

then with suljjhui’ic* acid : the cadniiuiu is dissohed as sulphate, in 
])art in the a(|ueous solution, in part by the a(‘id. The solutions are 
mixed and heated, to ])reci])itate iron and calcium sulphate. The 
solution is then diluted with wattu*. and tlie cadmium ])recipitated as 
'*»idphi(h‘. Ai*senic is precipitated as sulphide alon^ \s ith it, and is said 
to impro\x* its colour. If cadmium oxidi* is reipiin^d, the sulphide* is 
to be roasted, the arseiiic being \olatilised as trioxidc and (smclensed. 

This process also has not come into use. 


E.»irnction of Ctffhniam hif Elvcfrolytic Mtikoih 

Horchi*rs' was able to preeijntate cadmium from its .solutions in 
laboratory experiments, using a cuiTcnt of (> to 14 amperes p(*r 
s(|uai*(‘ foot : it may therefore be obtained in form fit for use more* 
i*t*adily than zinc. 

lirand^alHo obtained favourable results in exp(*rini(‘nts on the 
purification of cadmium contaminated with zinc and other metals by 
tin* help of the galvanic current ; the tension in the bath was low, 
and the metal obtained quite pure. He used for his auodi*s ])latos 
of impure cast cadmium, containing cadmium 8H*7 per cent., zinc 
8*55 per cent., lead T45 per cent., copi>er 1*85 per cent., with smaller 

' Ehk'fiv-tm'tallimjit, 1895, p. 298. 

“ Duminer, Chrm, Teehnof.t vol. ii., pp. 33,687. 
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iimounts of antimony, arsenic, bismuth and imn ; his clcctrol} te was 
a solution of cadmium sulphate with 5 per cent, of free 8uli)huric 
acid and 0*8 lb. cadmium to the gallon. With eU‘ctrodes 2 inches 
ajmrt, and a current intensity of 12’8 amperes, the tension in the 
bath was only 0'042 volt, because the solution of the zinc, which 
remained in the electrolyte, introduced a considerable amount of 
electric energy into tin* circuit. The tension increased lo 0*048 volt, 
as soon as the solution contained together with 5 per cent, of 
sulphuric acid, 0*464 lb. t»f zinc, and 0*04 lb. of cadmjum to thi‘ 
gallon. 
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Physical Properties 

Mercury or tjuickisilvor is thi* only nu‘t»il fluid at f^rdinary 
toinperatures. It has a silver-white colour with a slight bluish tinge, 
and a perfect ni(‘tallic lustre. Aceonling to ]\ri‘lseiis,it is transpanuit 
in thill layers, showing a colour with a somewhat viol(*t tinge. 
Accoixling to Cavendish, it solidifies at — (\: according to 

Hutchins, at —39*44 C., and according to Mallet, at —38*8.') C. 
It contracts ujion solidification, and fonns a white, very ductile and 
nialleabh' mass, which is readily cut with a kniie. It raisi's blist(‘rs 
on th(‘ human skin on contact, just like 7’i‘d-hot metal. Its specific 
gravity, when fluid, at 0" C., is 13*5959 acctirdiiig to Regnault, 
13*595 acconling to Kojij), and 13*589 according to Biot ami 
Arngo. The specific gravity of solid mercury is 14*1932. It 
crystallises in the forma of the cubical system. The sjiecific heat of 
solid mercury between —78® and —40® (\ is ()’0247, that of the fluid 
metal, between 0° and 100° is 0*0333. Its eh*ctrical conductivity 
acconling to Matthiesen at 22*8® (\ is I •(>3, silver at 0® being taken 
ns 100. Its thermal conductivity accoiTling to (Advert and Johnson 
is 077, compared to that of silver taken as 1,000. Mercui*y is 
volatile to a .slight (»xtent at onlinary temperj,itun*s, and according to 
M ergot t*ven below —44° C. This may be provcsl by Hu.spending 
gtild leaf above a vessel containing nuTcury, when it wdll become 
ci)ated at ordinaiy tmnperatun's with a whiti» layer of amalgam, 
’^rhe boiling punt of meivury, acconling to Dulong and Petit, is 300°, 
aceonling to Regnault, 357*25° C. ; it is converted into a colourless 
Nai)our, the density of which is given as lx»tween 0*7 and 7*03. The 
rapidity with which mercury volatilises on boiling depends to a great 
extent upon its purity. It is mainly diminished by lead and zinc, 
and on tlu» contrary increased by platinum. Millon showed that in 
the same time and under otherwise similar conditions, thirteen times 
as much ])ure mercury ^i^as volatilised as of mercury containing 
lo.ouo ^1 ^^*^'<** Platinum increa-ses the raphlity of evaporation if 



MERCURY 


251 


<lig(*ste(l for one or two days witj^ mercury at a temperature of SO** to 
80 C. Iridium, gold, silver, copper, nickel, cadmium and arsenic 
have mf influence upon the rapidity of evaporation. 

At oidinary temperature the cohesion of pure mercury considiT- 
jihly surpasses its adhesion to lighter bodies. When therefore it is 
allowed to rim over an inclined surface of jiaper or glass, it forms 
spherical masses or globules. When it is impure, it leaves a film 
upon thi* abovi'-named surfaces, and <loes not run in spherical 
globules but in pear-sha|HHl ones. When agiiatt'd with ^air, it then 
leaves a black powder ; by violent agitation of nuTcury with various 
fluids, as also by nibbing it up with certain borlii's such jis sugar and 
grease, it is converted into a line dark gray ]>owder Vapours of 
mercury have a most injurious effect upon tht‘ animal >vstein. In 
all operations in which mercury vapours arc t'volvod, it is then‘fore 
necessary to take esjiecial precautions to j)rote(‘t the iitTsons (‘iigaged 
therein. 

CHEMICAL PKOPERTIES OF MERCrRV AND OF ITS (COMPOUNDS, WHK ’ll 

ARE OF IMPORTANCE FOR THE EXTRACTION OF THE MFTAL 

Pure mercury is unchanged in dry air at oi’dinary tiuiipmutures ; 
neither is it affected by long-continued agitation with air, oxygen, 
nitrous oxide, nitrous acid or carbon dioxide. In damp air, howc'ver, 
it gradually beeomes coated with a thin film of mercurous oxide 
(HgjO). Impure mercury becomes coated with a film of oxide (‘veii 
in dry air. If mercury is heated for a considerable time np lo 
350® C. ill the air, it oxidises to mercuric oxide (HgO), whi^'h 
according to Ptdouzi* is crystalline. This gradually decomposes in 
the sunlight into mercury and oxygen. When heated it is rapidly 
<lecomposed, the mercury being volatilist‘(l. When again cooled 
<lown, it is partly re-converted into mercuric oxide. Mercury, 
iiistilled by heating the latter, is th«*refore rendered imiiure by oxide, 
ami is accordingly somi*what past} \ 

Mercuric oxide produced in the wet way b} precipitation from 
mercuric salts has a bright orange-yellow colour, which according 
to Pelouze is an amorphous moflificatioii of mercuric oxide. 

Dilute sulphuric acid has no action upon mercuiy. Concentmti'd 
boiling sulphuric acid dissolves it with the evolution of sulphur 
dioxide. When mercury in excess is present, the mercurous salt is 
produced ; with excess of sulphuric acid, on the other hand, the 
mercuric salt is formed. Hydrochloric aj^fil does not attack mercury. 
Nitric acid, even when dilute, dissolves mercury, forming a nitrate, 
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the mercurous salt being forined in the presence of an excess of 
mercury and when cold acid is employed, but the mercuric 
salt, when heated with an excess of acid or when strong acid is 
used. 

Meieunms salts, as also mercuric sulphate and nitrati*. are decom- 
posed by water into soluble acid and insoluble basic salts. Mercurous 
salts when heated decompose, pnKlucing mercuric salts and metallic 
jiiercury. 

Aqua regia disaolvi'S mercury with comparative* readiness, 
mercuric chloride (HgClj) being formed. Chlorine in the gaseous 
condition or in solution in water, attacks mercury at ordinary 
temi)eratures, mcTcurous chloride being formed, and gray pulveni- 
lent • mercur}^ being produced. Boiling mercury bums in chlorini* 
gas with a yellowish-red flame, forming mercurous and mercuric 
chlorides. 

Mercuric chloridi*, so-calh‘d corrosive* sublimati*, is ])repared b} 
dissolving mercury in acpia n*gia, by dissolving mercuric oxide in 
hydrochloric acid or by the addition of common salt to mcTCuric 
sulphate. Mercurous chloride, known as calomel, is produced by 
treating mercuric chloride with mercury or by ])recipitating 
nu ‘rcu runs salts b^ means of hydrochloric acid. Both chlorides have 
a white* colour and are volatilised on heating, mercurous chloride 
subliming without previous fusion. Mercuric chloride is readily 
soluble in vv<itur; mercurous chloride is soluble neither in water 
nor in dilute acids. 

Sulphide of mercury (HgS), the most important compound of 
mercury f(»r the metallurgist, tu'enrring native* jis einnabar, 
can be* jiroduceel as an ame)r])hoiis black mass by rubbing 
te>gi*thcr fleivve*rs of sulphur and mercury and by ge*ntly heating the 
mixture' of the* two beidies. If this mass is he*atcd te) its meriting 
])<»iut, mereuric sulphide volatilises, and may be conelonsed in the 
form e)f a brenvnish red crystalline* sublimate. This on grinding, 
l)e*oe)me*s scariest and forms artificial cinnabar. When gentl> heateel, 
air being excluded, it is readily re-converted inte) black amorphous 
me‘rcuric sidphide, but if heated more strongly, it again sublimes as 
re‘*el sulphide. Native cinnabar begins to darken at 200'" C., and to 
ve)latilisL* ; at 350'’ it volatilise*s to a very great extemt, but for its 
(•e»mple‘te* volatilisation, a low red heat, 500" to 600® C/., is required. 
With exce‘ss of air, it burns at 850° C. with a blue flame of 
sulphur, tbrming sulphur dioxide, metallic inercuiy^ se^Mirating out 
ami volatilising. The red sulphide of mercuiy darkens under the 
action of light, and after a considerable time it becomes black 
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in consetjuence of the separation of fi*oe nierciiiy. The sjiiM-ihc 
gravity of artificial cinnabar ia 8T24 accoixling to Boullay, whilst 
the specific gravity of its vapc)ur acconling to Mitsoherlich is 
5*51. It is therefore assnnK'clo that upon the xolatilisation of 
sulphide of mercury, partial disstK‘iatiun takes place. Mercuric 
sulphide can he pr«Klnced in the wet way by the action of alkaline 
polysulphides ujion inercnry, or by th(‘ action sulphuretted 
hydrogen or alkaline > sulphides upon solutions of mercuric salts. 
In thesti processes, black mercuric sulphide is obtained If th(' 
latter is brought into contact with alkaline ])olysiil})hi(fes it j)assi*s 
into red mercuric sulphide slowly in thf‘ cold, but mpidly on heating. 
This phencunonon, which has In^en ntilist^d for tin ]>r<Kliiction 
of sirtilicial cinnabar in the wet way, has be(‘n explaiiu^dbN Mip]K)sing 
that black mercuric sulphide <liNsolves in solutions of alkaliin^ 
polysnlphi<les, and crystallises out of the solution in the form (»f tht‘ 
j’ed snlphhh*. Morenne sulphide is not attaik^sl by hot nitric acid. 
Aqua regia dissolves it rapidly with th formation of sulphuric jicid 
and the separati<»n of sulphur. Mercuric sulphidi* fonas double 
sulphides with the sulphides of the alkalies. The potassium salt 
for instance has the fonmila HgSK^S + xHjO ; il contains variable 
<|iiantities of water according to the tenqiemtuie and the concentra- 
tion of the s<jlution. A iiortion of these double sulphules is solubh* 
in water in the presence* of caustic alkali<‘s, but at a certain degree 
of dilution is decomposed again into its constituents. Mercurij* 
sulphide forms peculiar double comjiounds with mercury and eoi)per 
salts. For instance, by jiassing sulphuretted hydrogen into n 
solution of mercurie chloride, a whitt* deposit of the composition 
2HgS + HgCl 2 is first fonaed, which becomes yellow and finally 
black under the continued action of sulphuretted hydrogen. Sul- 
phide of mercury is soluble in solutions of sodio-enprous chlorkK*. 
Mercuric sulphide is soluble in bromine. According to llegiiault, 
mercuric sulphide is partly decoinpo.sed by whaler vayxmr, sul])huretted 
hydrogen being formed and mercury sepaniting out tog(*ther with 
a black sublimate. When sulphide* of mercury is heated with carbon, 
it is partly decomposed according to Bi*rthier, carbon bisulphide being 
formed, and mercury sejiarating out. When heated with other 
metals which possess a greater affinity for sulphur than mercury, f«)r 
example with iron, tin or antimony, the mercury is liberated in thi* 
form of vapour, whilst the sulphur combines with the respect ivi* 
motals. Copper and zinc are said by Heumann to decompose 
cinnabar at the boiling point of water, or at ordinaiy temperatures 
under pressure. When mercuric sulphidt* is heated with lime, the 
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mercury neparates out and volatilises, sulphide and sulphnt(‘ of calcium 
being produced as shown by the following t^ejuation : — 

4HgS + 4Ca() = 4Hg + 30aS + CaSO,. 

Alloys of Mercurj! 

Mercury combines directly with most metals in all proportions, 
harming so-called amalgams: with gold, silver, zinc, tin, cadmium, 
lead and bismuth it amalgamates readil}’ : cop])(‘r amalgamates easily 
when finely divided, but with difficulty in the massive state : arsi*nic, 
antimony and jtlatinum ainalganijite with difficulty, iron, nickel and 
cobalt not at all dinvily. Tin* amalgams of the last named thnn^ 

, metals can only be j)rodncc‘d indirectly under certain conditions, for 
example by means of (i<‘ctrolvsis when a solution of a mercuric 
salt is used for the electrolyti‘ an«l oiU‘ of the above* named 
iiK'tJils as cathode, or when sodium amalgam is brought in contact 
with solutions of th(‘S(* metals, or when iho metals are brought in 
contact with solutions of mercury. Thes(i amalgams are very 
unstable and decompose r<*adily, iron amalgam fta- instance whc*n 
violently agitati'd. When mercain’ amalgam'- aiv h(‘at(*d to the 
boiling point ul mercury, tin* latter separatt's in tin* form of va})our, 
whilst the respi'ctivt* mt‘tals an* s(»t free. 

OuEs OF Meroi hy 

Mi’l'cury occurs in nature' in but relatively f(‘Av minerals. Tht' 
only ore of mercury which occui-s in considi*rable q|uantiti(*s in nature, 
and which alone fonns the object of an indeiiendent (‘xtraction of 
mercury, is cinnabar. Native mercury oftc'U occurs with this on*, 
but only in very subordinate cpiantities. The other tnu* ores of 
mercury arc of no importiince for the extraction of that metal. In 
addition to the tnu* ores of m(*i’cury, mercury occiu*s isomorjffiously 
int(*rmixed with other minerals, especially with fahlores, and in very 
minute quantities in zinc blendes. In the fahlores, in some localities 
it is contained in such quantity that these are worth treating for 
nu'rcury. 

Native Mercuiy 

This generally occui*s in dejKJsits of cinnabar as a decomposition 
pnHiuct of that minertil, and, therefore, generally near tlu* outcrop 
of such deposits. In these it is generally found in the form of 
small disseminated globules or in filiform masses. It is rare to find 
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file individual globules so large* that the iiiei*cury can bo coUccUhI 
fn)m them. Considerable quantities of native mercury disseminated 
through serpentine have been found for instance at the outcrops of 
Aurious deposits of cinnabar in California (Sonoma Mine, Rattlesnake 
Mine, Wall Street Mine). It is btiid to occur in a decomposed 
granite, unaccompanied by cinnabar, in the nidghbourhood of 
Limoges, especially at Melinot near St. L6, and also, accoiupani(‘d by 
calomel, in the strata upon which the towm of Montpedlier stands 
Jt occurs alloyed with silver in the fonu of native amalgam which 
contains 26*5 to 35 per cent, of mercury, and is looked upon a- a 
silver ore. This mineral has been fotiud at Moschellandsbi»rg in 
the Rhine Provinces, at Rosenau in Hungar}-, AllcMuant in Friinci*, 
and Argueros in the pro\ince (»f Coquimbo in (luli. 


Ciniufhar 0 ) lU^inutbavih (HgS) 

This mineral contains 8(i*2 per cent. >f mercury, and is the* onl} 
ore which is regularl} worked for mercury, on which accmint it 
deserves fuller consideration. It but rarely occurs in large massifs, 
but generally dis.seiiiinated or in term ixeil ^ith iiietallic o\id(*s, earths 
bituminous substances or iron pyrites ; of th(‘ metallic minerals, iron 
jiyrites is the most frecjiient, folhuved by arsenical anil antimoniaeal 
(compounds, and ores of gold, copper and zinc. As reganls it.«^ 
gecdogical distribution, it may be noticed that it occurs in strata of 
almost all ages from Archaean crystalline schists to Quatornaiy' 
dejiosits. It is also found in deposit.s from eruptive rocks and fi-oni 
sulphurous springs of volcanic origin, as also at times in the enip- 
ti\e rocks themselves. It is still being deposited in the fumaroles of 
Sulphur Bank, near Clear Lake, in California. 

Cinnabar is dimori^hous. In addition to the retl crystalline 
\ariety, there is also a black variety possessing no crystal lint* struc- 
ture and a lower specific gravity than red cinnabar, which is known 
as ineta-cinnabarite. Cinnabar intermixed with bituminous bodies, 
Mhicli give it a dark rod to black colour, is known as hepatic 
cinnabar. Idrialite is a mixture of cinnabar with idrialine (CgH^), 
occuiTing at Idria. Coralline ore is a mixture of cinnabar, bituminous 
matters and about ()0 per cent, of calcium phosphate*. 

Cinnabar occurs at relatively few places in the world in sufficient 
quantity to be worked for the extraction of mercury. In Europe the 
most important localities which furnish the largest quantities of 
niercuiy are Almaden, in Spain ; Idria, in Camiola; and Nikitowka, 
ill the South of Russia. 
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At Alinaden, ou the northern slopes of the Sierra Morena between 
Badajoz and Ciudad Beal, cinnab^ occurs together with native 
mercury in an area 10 miles long and 6 miles br(^, in Silurian and 
Devonian strata, consisting of slates, quartzites, sandstones, mid 
small quantities of limestone, forming three almost vertical tabular 
deposits about 600 feet in length and 1 2 to 25 feet wide. In these 
deposits it occurs both in masses and disseminated. The contents 
of mercury of the different grades of ores vary from 0 75 up to 25’05 
jjer cent. ; it is said to average 8 to 9 i)er ctmt. In the year 1893, 
the production of mercury was 7*82 jjer cent, of the weight of the 
ores, and in 1894 8*19 per cent. These deposits were known to 
Theophrastus, as early os 300 and they are still to-day the* most 
important mercury deposits in Euro])t'. 

At Idria, in Austro-Hungary, cinnabar, hepatic ore and conilliiie 
ore occur with native mercury in iiregular deposits in Tritissic straU. 
The deposits are partly of the nature of a stockwork, partly contact 
veins between limestone and dolomite, the various grades of ore 
containing from 0*2 to 30 per cent, of mercury, the average of the 
ores being from fnmi 0*5 to 0*8 j)er cent. This deposit was known 
in the year 1490, and is, after Almaden, thi‘ most important in 
Europe. 

At Nikitowka, a station on the Kursk-Charkoff-Azov railway 
line, ill the district of Bachmut of the government of Eekaterinoslav 
in the South of Russia, cinnabar occui’s impregnating sandstone strata 
of carboniferous age, having a thickness of 46 feet. The averagi* pro- 
poiiion of mercury contain(*d in this important deposit is given as 
0’6 per cent. As is shown by old exhausted spoil heaps, this dejiosit 
has been worked in ancient and as yet uiidc^tcrmined times. Opem- 
tions were recommenced only in the year J 886, and at present ores 
arc produced in such quantities, that the mercury produced at the 
works attached to the mine not only supplies the demands of Russia, 
but is ('xported in considerable quantities. It may be considered as 
one of the most important deposits of the whole world. Regarded 
as a single works, it is the most important in Europe after 
Almaden and Idria. Among the other occuiTcnces of cinnabar in 
Europe that possess a certain importance there may also be 
mentioned Vallalta, near Agorda, in the north-west of the state of 
Venice, where cinnabar occurs in the form of impregnations, whilst 
the ores are relatively poor ; as also the deposits in the district of 
Monte Amiata in Tuscany, the principal mines being Salvena, Pian 
Castagnajo, and Diacoletto on the Sielc, near Castellazzara. The 
works of Vallalta and those of Monte Amiata are still in operation. 
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the nieraiiry production of the latter being considerable. A recently 
discovered (1883) deposit of cinnabar of a certain importance is that 
in the Avala Hills, near Belgrade, in Servia, where mercury is also 
extracted. Deposits of mercury which were formerly of importance, 
but are now no longer worked either on account of the competition 
of other works, or om account of the exhaustion of the deposits, are 
those of Wolfstein and Moschellandsbeig in the Bavarian Palatinate, 
of Horrowitz in Bohemia, of Volterra, Cerigliani and Ripa, near 
Serravezza, in the province of Lucca in Italy. Other deposits of 
subordinate importance in Europe are those of Mierci< Switander, 
Tobiscor^ and Furchena in Spun, of Neumarktel in the Santa Anna 
or Loibel Valley, of Littai (in veins of lead oiv) in Camiola, of 
Balagna and Capo Corso in Corsica, of the IsMs Haute Vienue ami 
the Sevennes in France, of Kongsberg in Norway, and Sala in Sweden. 

In North America the most important do]X)sits of cinnabar, the 
output from which exceeds that of Idria, and at one tune exceeded 
that from Almaden, occur in California, in a zone of slates of the 
Cretaceous and Tertiary period, consisting of talcose, micaceous, clay 
and siliceous slates, serpentines, sandstones, limestones and dolomites, 
penetrated by numerous eruptive outbursts. This zone of slate is 
more or less strongly impregnated with cinnabar in various places, at 
some of which, especially where serpentine and sandstones art* in 
contact, the proportion of mercury is a very high one, amounting to 
as much as 35 per cent. The oiv occurs both as contact clt*posits 
and also disseminated in serpentine and in sandstones. At various 
])laceH the cinnabar is accompanietl by pyrites and bituminous 
substances. At others it occurs impregnating chalcedony which may 
then contain as much as 3 to 10 jier cent, of mercury. The deposits 
occur in a clistrict between the mouth of the Sacramento and Clear 
Lake upon the eastern slope of the chain of hills extending from San 
Francisco towards the south-east, known as New Alniadcn and New 
Idria, and the coast district about St. Louis Obispo and Santa 
Barbeiu. The most important occurrence which has fumished the 
largest quantity of mercury is that of New Almaden, near San Jos^, 
lying to the south-east of the southern end of the bay of Sun 
Francisco ; this deposit is however approaching exhaustion within a 
measurable period. The occurrence of Sulphur Bank to the east of 
Clear is especially interesting on account of its association with 
an old geyser which is still throwing out boiling water with consider- 
able quantities of gypsum, alkaline borates and sulphur. From the 
sides of some of the fissures in Sulphur Bank, ascending vapours 
deposit sulphur which is sometimes intimately mixed with cinnabar. 

VOL. II « 
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The ore of Sulphur Bank, which contains on the average 1*75 per 
cent, of mercury, is intermixed with sulphur, and was first worked 
for that substance. 

The Californian cinnabar deposits were already known to the 
Indians, who used the cinnabar as a paint. Mercury was first 
extracted by Castellero in 1845. Whilst the deposits of Almaden 
and Idria seem to become richer in depth, the more important 
Californian deposits, especially those of New Almaden, .seem to 
be approaching exhaustion. The average output of mercury from 
calcin^ Californian ores amounted in 1889 to between 1*088 
and 2*295 per cent, according to Randall.^ Cinnabar has also 
been found in the State of Texas. In Mexico, cinnabar is found 
near Capula and St. Romualdo in the Sttite of Jali.sco, at Pede- 
* mal, Cairo and Guadalcazar in the State of St. Luis de Potosi, 
at Hiiitzuco in the State of Guerrero, and near Zacatecas. 
Many of these deposits wore formerly worked, and some, e.specially 
at Guadalcazar, are still in operation. In South Am<»rica a deposit 
of cinnabar, which was discovered in 1 500, and was at one time of 
great importance, occurs in Peru in the district of Huancavelica. 
The ore occurs in Jurassic strata on the eastern slope of the Westcni 
Cordilleras, but is no longer worked at jresent. Other South 
American occurrences are those of Chonta, (!Jajamarca, and Santa 
Cruz in Peru, of the 'State of Tolima in Columbia, and at Andacallo 
in the Province of Co(|uimbo in Chili, La Cruz and Santo Tome in 
the Argentine Republic, Paranagra, Santa Catherina, Santo Paulo 
and Oro Preto in Brazil. 

In Asia the most important occurrence of cinnabar is in the 
Province of Kweitshow in Southern China. This is a very c'xtensive 
deposit and traverses the above-named province from south-west to 
north-east. It is probably the richest deposit in the whole world. 
The most important district in which it is extracted is said to be 
that of Kaitshow in the neighbourhood of the capital, Kweiyang. 
The works were stopped in the year 1848, but are said to have been 
restarted recently. Cinnabar further occurs in Asia in the Province 
of Hoang Hai in China, at Senday in Japan, at lldekansk in the 
district of Nertshinsk in Siberia, in Borneo, Sumatra, Java, and in 
the neighbourhood of Smyrna. 

In Africa cinnabar has been found in various places in Algeria 
and Tunis. 

In Australia it occurs at Cudgegong in New South Wales, 
Kilkivan in Queensland, and Omaperesee in New Zealand. 

' Eng, Jonm , , tqI. 6Q, p. 265. 
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The other ores of mercury are of no importance for the extraction 
of that metal. Amongst them.may be mentioned onofrite, a sulpho- 
selenite of mercuiy, occurring at San Onofre in Mexico ; coccinite, an 
iodide of mercury from Mexico ; horn mercury or calomel, a native 
mercurous chloride, from Moschellandsberg, Avala, Idria and Alma- 
den. Mercurial fahlore is a fijilore which contains certain quantities 
of mercuric sulphide. It may contain up to 18 per cent, of mercury. 
It occurs more especially in Hungary, at Altwasser, Rosenau, Szlana, 
Iglo and Gollnitz, where it confine considerable amounts of 
mercury, which is extracted from it as a bye-prcxluct, a£^ the Stefans 
Works, near Gollnitz. Many varieties of zinc blonde of the Rhine 
Pj’ovinces contain suiall quantities of mercuric sulphide. 


Memunal Fm^iwce Prodmts 

Mercury is extracted not only from its ores, but also from certain 
furnace products which are obtained m the process of mexx*ury ex- 
traction. These consist chiefly of so-called soot or sfapp” ^ which 
consists of a mixture of finely divided mercury with soot, cinnabar, 
mercuric oxide, mercuric sulphate, other sulphates, quartz, &c., and 
of the residues obtained in treating this soot. In gold and silver 
extraction, amalgams are produced from which the mercury is 
recovered by distillation. 

Extraction of Mercury 

EXTRACTION OF MERCURY FROM ORES 

The extraction of mercury from its ores has up to the present 
been carried on in the dry way alone. Wet methods have repeatedly 
been proposed, but have not been able to make any headway, and 
there is for the present no likelihood of their being introduced. 
Neither has the electrolytic method of mercuiy extraction been 
adopted, although it would seem not to be entirely without favour- 
able prospects. 

The Extraction of Mercury in the Dry Way 

The only ore from which mercury is extracted in practice is 
cinnabar. Ores containing only native mercuiy must be looked 
upon as exceptional ; the mercuiy may be obtained from these by 
^ Derived from the Sclavonic word Stupa, meaning duet. 
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a BUiaple distillation either in retorts or in shaft furnaces. Mercury 
is ej^tracted from mercurial fahloraa ae an aoces^iy product, when 
these ores are calcined. As may be gathered from the previously 
given chemical rations of mercury, mercury may bo extracted from 
cinnabar in various ways. Two methods are used upon a large scale. 
The one depends upon the fret that at a high temperature the oxygen 
(»f the air combines with the sulphur of mercuric sulphide, forming 
sulphur dioxide, whilst the mercury is set free in accordance witlv 
the equation : — 

HgS+20*Hg+SO8 

The other depends upon heating the mercuric sulphide with lime 
when the sulphur combines with the calcium forming calpium sul- 
^ phide and sulphate, whilst the mercuiy is liberated shown by the 
following eqiution : — 

4HgS4-4CaO»4Hg+8CaS+CaS(V 

Instead of lime, iron may be employed, as shown in the following 
reaction : — 

HgS4-Fe = FeS + Hg. 

In every case, the above chemical I'eactions takes place at tem- 
peratures higher than the boiling point of mercury, so that the latter 
is separated in the gaseous form, and has to be condensed. In the 
former method the vapours of meTcnry are diluted by sulphur dioxide, 
nitrogen and oxygen, whilst in the latter case, where lime or iron is 
employed, they are in the concentrated condition, and are therefore 
more easily condensed. Hence the process of mercury extraction 
may be looked upon as a process of compound evaix)ration or distil- 
lation. According to the above, we have to distinguish : — 

1. The extraction of mercuiy by heating cinnabar in the air ; 

2. The extraction of mercuiy by heating Cinnabar with lime or 
iron, air being excluded. 

As regards the choice of the most suitable process, the preference 
should, as a general rule, both for economic and for hygienic reasons, 
be given to the extraction of mercury by heating cinnabar in the air, 
rather than by the employment of lime or iron. Heating cinnabar 
in the air is a process that may be carried out either in shaft fur- 
naces, reverberatory, or muffle ftimaces. When shaft and reverbera- 
toiy fiimaces are used, large quantities of ore can be treated with a 
oompaiatively small consumption of fuel and labour; the process 
can alfeo be so arranged that the woikmen are not troubled by4he 
mercurial vapours. On the other hand, the process is open to the 
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objection that the mercurial vapours are diluted by sulphur dioxido, 
oxygon and nitrogen, and in. the case of shaft revetberatoiy 
furnaces, also by the products of combustion, and that the complete 
condensation of the mercury is therefore rathea difieult, consequent 
losses of metal through incomplete condouation being aooorcliBgly 
unavoidable. The extraction of mercury by heating trith lime 

or iron must bo performed in retorts. Concentmt^ mercurial vapours, 
which can readily be condensed, are thos obtained ; but the is 

open to the objection that the ores must first be crushed, that only 
small quantities can be treated, that the retorts last fiw only a 
oompamtively short time, that the operation is attended with h%h 
costs for fuel and labour, and that the w<Hrikisett are afifected by the 
mercurial fumes when the retorts ate emptied oht Although the 
output of mercury is somewhat higher than in the first«named 
pnx»3ss, it is nevertheless inferior to it on aocount of the high work- 
ing costs, so that it is abs^utely unsuitable fiir poor ores. The chief 
objection, that the workmen are attacked by tim mercurial vtqpouTs, 
is of such paramount importance that the process should really not 
be carried on at all. It has therefore been given up at the majority 
of works, and has been replaced by the first-named proooss ; its use 
can only be justified for the treatment of merely small quantities of 
ores containing a very high percentage of mcrcuiy. 

EXTRACTION OF MERCUR7 BV HBATINQ CINNABAR IN THE AIR 

This process must be regarded as a distillation process, although 
it might be looked upon as oxidising roasting, and therefore a process 
of combustion, if the metal to be extracted by it were not at the 
same time volatilised. It consists in heating diraaborwith an excess 
of air to such a high temperature that the affinity of the oxygen of 
the air for the sulphur of the mercuric sulphide becomes active, 
when the sulphur is oxidised to sulphur dioxide, the mercury separ- 
ating ont in the metallic form. A p(»i>ion of the sulphur dioxide is 
converted into trioxide by contact octioa The cinnahar is best 
heated to the requirite temperature, as will be shown presently, in 
shaft or reverberatory fumaoee, the mercurial vapour being therefore 
diluted with various gaseous products, from which mixture it has to 
be separated, the difficulty being increased by the hfgh tempmature 
of the gases. As has seen in the extraction of xiiict a metid 
which u also obtained by a distillatimi praoeas, the oondsnaarion of 
the sino vapours which are also diluted othw gases, forms the 
most difficult portion of the extraction. At a ds^te degree of 
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dilution the sine can no longer be obtained at all in the liquid state^ 
but separates out in the pulverulent condition, a considerable 
quantity of which afterwards remains in the gases escaping from the 
condensers. The same occurs in the extraction of mercury, in which 
the condensation of the metal forms the most difficult portion of the 
process, in consequence of the dilution of its vapours by the above- 
named gases, of the high temperature to which the metal has been 
heated, and of the rapidity with which the current of gas has to pass 
through the condensing appliances. Nevertheless, the condensation 

• of mercury vapours is more easily effected than that of zinc vapours, 
because the latter, owing to the low solidifying point of mercury 
( — 39^0.), cannot separate out in the form of dust, but, when sufficiently 
cooled, necessarily forms a liquid, and because mercury can be caused 

* to deposit without great difficulty on account of its high specific 
gravity, even from gases in' which it occurs in a high state of dilution. 
It is, however, unavoidable that comparatively small quantities of 
mercaty---a metal that is volatile at very low temperatures — should 
escape without being condenscKi. Even under the best conditions 
of working, the conversion of some mercuiy into the so-called 
(mercurial soot) is unavoidable. The s^t, which consists of a mixture 
of finely divided mercury, mercurial expounds, and sooty products 
of the dry distillation of the fuel and the bituminous constituents of 
the ores, together with its other mineral constituents, fonns a deposit 
in the condensers. It contains up to 80 per cent, of mercury. Itii^ 
formation is due, according to Patera, to the sulphates, formed when 
cinnabar is heated, and the chlorides, which were either contained in 
the ores or produced by the chlorides present in the ash, together 
with soot, tar and ammonia derived from organic matters, which 
substances envelop the particles of mercury as they condense, and 
prevent them from uniting. The greater portion of the mercury is 
recovered from the soot by processes to be described later on. Apart 
from the above-named objections, the extraction of moroury by 
heating cinnabar in the air forms one of the most difficult of metal- 
lurgical processes, requiring to be conducted with the greatest care,, 
because considerable losses of metal are necessarily incurred, whilst 
diseases of the workmen engaged, due to mercurial poisoning, are 
practically unavoidable. OtW difficulties are the penetration of 
the mercurial vapours into the brickwork of the furnace and con* 
densers; the amount of mercuiy that remains in the distillation 
reindues unless the utmost care is exercised ; the comparatively small 
proportion of mercuiy in the ores that have to be treated ; the acid 
character of the condensed water, owing to the sulphur dioxide and 
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sulphur tiioxide in the gases carzying the mercuzyi and its action 
upon the mercury, as also upoo the metal of which the condensexB are 
constructed ; together with the farther circumstance that mezoory 
would form amalgams with such metals as are little or not at all 
affected by acid waters, and which would, therefore, otherwise be 
suitable for the construction of condensers, and the fact that the 
vapours must be extracted from the furnaces and condensers by 
means of fans in order to protect the workmen as ftr as possible. 
The losses of mercury, which formerly amounted to 50 per cent., and 
even more at some works, have recently, by a suitable construction of 
furnace and care in conducting the {wooess, by lining the walls and 
floors of the condensers, and by suitably conatructing the latter, and 
by proper regulation of the gaseous cuirent, been reduced to 8 per 
cent., and even less of the mercury present in th%ores. Considering 
the small proportion of mercury present in the ores, averaging 1 to 
3 per cent., the unavoidable retention of lunall quantities of mercury 
in the residues of the latter, the una\ oidable formation of soot, the 
action of acid waters upon the mercury, and the volatility of merout}' 
at ordinary temperatures, the process of the extraction of mercury in 
its present stage of development must be looked upon as having been 
very well worked out when the loss is only from 6 to 8 per cent., and 
it no longer deserves to be considered as an imperfect or crude pro- 
cess as compared with other metalloigical operations. As regards mer- 
curial poisoning, attempts have been made to protect workmen by the 
employment of suitably arranged fons in front of the condensers, so 
us to draw off all the gases which formerly escaped from the furnaces 
and condensers, and by canying all the gases evolved into stacks, 
whereby a veiy marked diminution of mercurial poisoning has been 
attained. As, however, mercury is volatile even at ordinaiy tem- 
peratures, its vapour rising, according to Brame, up to the height of 
about 3 feet at 15° C., it will probably never be possible to avoid 
altogether the inhalation of small quantities of mercury, which are 
•thus conveyed to the blood through the lungs. Mercury vapours 
produce disturbances of the nervous system, the digestion, the motor 
functions, and of the lungs, disease of the teeth, poverty of blood, 
scurvy and scrofula. When breathed in larger quantities, their 
effect is fatal. Among the prophylactic measures that have been 
recommended against mercurial poisoning are the following : — Clean- 
liness, open air, acid foods, and moderation in the use of alcohol. 
Melsens^ recommends the employment of potassium iodide. This 
is said to render the insoluble mercurial compounds that have been 
> Btrg, find SdU, 1877, pi fiSdi. 



MBTALLUttOY 


264 

talcen into the eystem soluble^ and cause their separation inthe urine. 
A solution of potassic chlorate is used at New Almaden. 

The plant in which the above process is carried out oonaists of 
various distillation appliances with condensing attachmMls. Dis* 
tillation appliances may be heaps, stalls, reverberatory Atmaces, 
shaft furnaces, and muffle furnaces. Distillation in covered heaps 
with alternate layers of fuel and ore, and the collection of the 
mercury in the upper layers and in the cover of the heap, a process 
which was for instance carried out a long while ago at Idria,^ is a 
most imperfect process, owing to the volatilisation of mercury, to the 
retention of a comparatively large proportion of the metdl in the 
ores, and to the penetration of the metal into the ground. At 
^ present it only possesses historical interest. For the same reasons 
stalls are unsuitable for the extraction of mercury. They are 
used exceptionally in the calcination of mercurial iahlores for the 
extraction of copper and silver. In this process the mercury is 
condensed as a byc-pnxluct in the upper layers of mineral, and is 
obtained by washing the latter. At the Stephans Works in Upi)ei* 
Hungary, mercurial fahlorcs are calcined in circular stalls, in heaps 
of 50 tons upon a bed of woed with a layer of charcoal above it. 
The calcination lasts 4 weeks. The^, mercury, extnicted by washing 
the ui>por layers of ore, is purified by distillation. 

Shaft and reverberatory furnaces are used both for lump ore and 
for small ore. Externally fired shaft funiaces for lump ore con- 
sist of an empty shaft, whilst for small ores the shaft is fitted 
with inclined slabs or plates. Fonnerly all <^f these furnaces used for 
lump ore were worked intermittently. At present, at most works, 
intermittently worked shaft furnaces of this type, in which small ores 
])ropGrly agglomerated, can also be treated, have been replaced by 
the much more economical continuous-acting furnaces. As a rule, 
i^xleinally fired shaft furnaces, working continuously, should be used 
for smalls that do not form dust, on account of the cheapness with 
which they can be worked. The ore slides down upon inclined slabs 
in the interior of the shaft, whilst the flame moves in the diiposite 
din^ction from below upwards. Externally fired shaft fiirnaces 
would be used for lump ores if cheap uncarbonised fiiels are avail- 
able, whilst pure carbonised fuel, c.g., charcoal, is dear. When cheap 
carbonised fuels are obtainable, the shaft furnace proper, in which 
the fuel is in direct contact with the substances to be heated, would 
be preferred to the continuous working shaft furnace externally fired, 
on account of the smaller formation of soot. Reverberatory 'fitiliaces, 
^ Mitter, Vortixiff ai{f dtm BergmanuAtay zu Kfayetifurtf 1803. 
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which were frequently employed, are inferior eoonomioally to escter- 
nally fired shaft furnaces, as they require both more fiiel aiji more 
labour than the latter. They are therefore only employed W those 
cases in which the shaft funiaoes are not suitable, vis., ill the cose of 
small ore which forms much dust, of certain varieties of soot# ami of 
Jump ores that decrepitate in the shaft fhmace. 

iShaft furnaces proper, in which the ores are charged together 
with charcoal, have been in use for some time (HUmer fimmoe), but 
have recently received important improvements (Noeak fumaoes), 
and have, for example at IMa, replaced the modem externally fired 
furnaces for lump ores. In their construction they do not ditSsr 
essentially from the externally fired shaft fiimaces for lump ores, and 
are to be recommended on aceount of the smidl production of soot in 
those cases in which lump ores and cheap carb^ised fuels, such as 
charcoal, aie obtainable. These carbonised fuels form no soot, 
whereby the formation of mercurial soot akipp ”) is lessened. Muffle 
furnaces were largely employed at one time, but have now been 
replaced at most works by reverberatory and shaft furnaces. The 
muffles wore at first made of clay, but later iron has been used with 
advantage. These furnaces present the advantage that the mercurial 
\apours are not diluted by the products of combustion of the fuel, as 
occurs in the case of reverberatory and shaft furnaces, nor are they 
overheated, so that they can be readily condensed and therefore 
require less extensive condensing appliances. The extraction of 
inercuiy when the process is properly carried out is also somewhat 
higher in consequence of the diminished production of soot. On tht' 
other hand, these furnaces are liable to the objection of higher 
labour costs and of a high consumption of fuel, as also to the very 
serious objection that the workmen sufier more from mercury 
vapours than in the case of reverberatory and shaft furnaces. As, 
therefore, they are at least equalled in economic respect by the 
modern furnaces of the latter type, even when not surpassed by 
■ them, they have disappeared from most works, and, on account of 
the above reasons, their use should be discouraged. 

CandcnsiTig Appliances 

These ought to be manufactured of a substance which does not take 
up mercurial vapours, is a good conductor of heat, is capable of being 
moulded into the required shapes, and is able to resist the action of 
acid vapours and liquors, as also of the mercury itsel£ No one has 
ns yet, however, succeeded in discovering a material answering to all 
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these' requirements* Of the substances used up to the present iron 
is the easiest to mould and the best conductor of heat, but does not 
resist the action of acid vapours for any length of time. Brickwork 
absorbs mercurial vapours, is a bad conductor of heat, and is attacked 
by acid liquors. Wood has sufficient resisting properties, but is a 
bad conductor of heat. Glass has not been found applicable by itself, 
but only in combination with wood. The most suitable material up 
to the present has been found to be stoneware. This is capable of 
resisting mercury and acids, and may be made so thin that its low 
conductivity for heat need not be taken into account. Stoneware is 
used in the form of pipes. In addition to stoneware, all the above- 
named substances are used, as also are vessels of burnt and glazed 
clay. Iron is protected by a coating of cement against the action of 
acid vapours and waters. The form which condensers assume is 
either that of a series of tubes or of chambers. Clay and 
stoneware are used in the former shape, iron and wood in 
both forms ; brickwork and glass in the form of chambers. In 
many cases condensation iii tubes is combined with condensation in 
chambers. The diameter of the tubes and the dimensions of 
the chambers must be confined within jlefinite limits, as tubes which 
ai’c too small interfere with the draught, whilst chambers which are 
too large have but little cooling effect upon the inner portion of the 
current of gases traversing them. By a suitable combination of 
tubes and chambers, or by chambers of different material, as also by 
means of brick chaiiilH*rs cooled by cast-iron boxes, through which 
water circulates, the losses of mercury by imperfect condensation 
have recently been brought down to a very small amount. A good 
dmught in the furnaces and condensers, which is quite indispensable, 
may be obtained either by meaas of powerful stacks heated by 
separate fireplaces, or else by exhausting machineiy of various kinds, 
such as water blast, Cagniaidelle blower or fans. The draught must 
bc» such that the pressure of the current of gas in the furnace and 
condensers must be brought down below the pressure of the atmo- 
sphere, so as to prevent the mercurial vapours escaping from the 
apparatus. Recently draught produced by stacks has been replaced 
with jidvantage by the suction of powerful fans. 

Alercury is transiK>rted in flasks of wrought-iron closed by a screw 
stopper. The weight i»f mercuiy in a full bottle amounts in Idria 
and Almaden to 76 lbs., in California to 76*5 lbs. In the smaller 
European works mei'cury is shipped, as was formerly done also at 
Idria, in bags of sheepskin containing 55 lbs. 

The various distillation furnaces and the condensing appliances 
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connected with them, the mode of conducting the process, and the 
economic results obtained, will now bo considered in detail For the 
sake of maintaining the proper sequence it is advisable to oonsider 
first the extraction of mercury in ejctemally fired furaaoes flam 
shaft or reverberatoiy, then in shaft ftimaces proper, and 
finally in muffle furnaces. 

The Extraetum of Mermry in Sxiemally Fired Fumaeu 

Externally fired furnaces may be divided into those with a shaft « 
like laboratory chamber, so-called externally fired shaft fuifmces, and 
reverberatoiy furnaces with a horieontaily placed labomtoiy chamber, 
(»r true reverberatory furnaces. Externally firod shaft fiimaces are 
generally used for the extraction of mercury, being^mployed for lump 
ores wherever raw fuels are cheap and carboniB^ fuels dear, and for 
small ore whenever it does not ftsm too much dust. Reverberatory 
furnaces are used only for those ores ahich are not suitable for treat- 
ment in shaft furnaces, either on account of the large amount of dust 
in the case of small ore, or on account of their ready decrepitation in 
the case of lump ores. 

Extraction of Mercury in ExtcriMMy Fired Shaft Furnaces 

These may be divided into furnaces working intermittently and 
furnaces working continuously. The former kind are still in use, but 
are far inferior to the latter as regards their economic results. In 
future, therefore, continuous working furnaces should us a rule be 
employed. 

Extractioii of Merewy in Shaft Furmces Woi'hing Irtcrmlttently 

These funiaces were fonnerly in usi‘ at Idria and at the 
Redingtoii Works in California, but have been given up on account 
of their expense. They are still used upon a large scale at Almaden, 
in Spain. At New Almaden, in California, the} were used for a con- 
siderable period, but have now been almost entii-ely given up, the 
last furnace t)f this kind still in existence there being worked only 
for a few weeks in the year. These furnaces can only be employed 
for ore fines, when these are charged in shallow vessels known iw 
cawWes, or when they have been agglomerated into bricks. The 
furnaces consist of shafts fired either internally or laterally, 
condensing plant consists either of a series of flask-shaped clay pijies 
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•or of brick chambenL The fuel used must be uncarbonised, such as 
brushwood, wood or coal. The draught is produced by stacks, or 
better still by fans. The whole amount of ore to be treated is 
•charged at one time into the furnace, and is heated by firing up until 
it continues to bum Iqr itself owing to the heat developed by the 
•oxidation of the sulphur in the cinnabar ; after the fire has burnt 
out the furnace is left for some time to cool, when the distillation 
residues arc removed, and a new charge introduced. 

F%irvuice9 Find Iwto'mlUj 

According to the system of condensers connected uith those 
furnaces, they are distinguished into so-called Bustamente furnaces, 
the condensii^ applumces of which consist of a series of flask- 
shaped clay pipes, known os followed by chamber^, and so- 

called Idrian furnaces, the condensers of which consist of a series of 
brick chambers. The fiirnaces are 20 to 30 feet in height, and 
circular or square in section, the diaini'ter of the former bein 4 ^ 
from 4 feet 3 inches to (i f<»et (I inches, and the side of the lattei* 10 
feet. In the interior of the furnace there is a perforated arch 
which separates the fire-sjiace from tlie distillation chamlxT abo\c 
the arch. In oixler to diminish the jnessure of the column of or<‘ 
upon the side walls of the furnace, or in onlcr ti> be able to ]ilact‘ 
trays with ore fines conveniently in the furnace, perfomted arches 
have also been introduced in the distillation chamber of thc^ fiirmve. 


Thf Biistnmciitc Ftinum or Ahuhl Fornnct ^ 

This furnace was designed in the year 1G33 by a medical man, 
Lopez Saavodm Barba, in Hnancavelica in Peru, and intrcKluced in 
the year 1G46 into Almaden,in Sj)ain,by Bustamente, who.se name it 
beai*s. In the latter place it has maintained itself up to the present 
in spite of many attacks. There are at Almaden 22 Bustamente 
furnaces, which furnish by far the greater portion of the mei’ciiry 
])nKluction of that place. In the middle of the eighteenth century, 
this furnace was introduced into Idria by Poll. Here, however, the 
uludels were soon replaced by brick chambers, whereby the Busta- 
mente furnace was converted into an Idrian furnace. 

The constmetion of the Bustamente furnace, together with the 

^ Kubb, Mini 9 ft Uniws trAbntuieu; Annafts titn Muim, 1878; £tat actutl dt 
r Uniat iPAtmadfii, Ann. des Min., 1877 ; EBOoBura, HUtoria dtl Tratamknto Mtfa- 
iunjico del Azoffut fuzEnpaiia, Madrid. 1878 ; (landolfi, Li^ Miate tt UmncftrAlauidtu, 
Jiti\ Univ, ties AtincM ct dt la M^tall, 1889, 
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condensing appliances used at Almaden, is shown in Figs. 181 and 
182. A pair of these furnaces is united to fomi a blocL S is the 
cylindrical shaft, 20 to 26 feet high, the diameter of which for the 
smaller furnaces amounts t(» 4 feet 8 inches, and for the larger to 6 
feet 0 inches. Z is a perfomted brick arch, beneath which lies the fire- 
place F] above it is the distillation chamber. The upper part of 
the fiimace is closed by a hemispherical aroh, in whtdi there is a 
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charging door, e. The ores arc* first charges! by means of the 
opening 0, in the side wall of the furnace, which is bricked up 
before the commencement of the operation, and later on through the 
above-named charging door e, which is closed by a cover, luted with 
moist ashes. S is the firedoor through which the air required for 
oxidation also enters. J is a stack to cany off any pr^ucts of 
combustion that do not ascend through the furnace ; the greater 
part of these, however, ascend through openings in the brick arch and 
penetrate, together with an excess of air, through the column of ore 
l}dng upon the arch. The products of combustion, together with the 
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mercurial vapours and sulphur acids evolved in the distillation 
chamber, pass through six openings, Z, in the upper portion of the 
shaft, each of which is 12 inches high and 4 inches broad, into the 
condensers. 

The condensing appliances consist of 12 strings or rows of aludels 
lying side by side,, and of two chambers, with each of which six rows 
of aludels communicate. The aludels, one of which is shown in Fig. 
183, consist of flask-shaped clay tubes, glazed on the outside, IG inches 
to 18 inches long, 8 to 10 inches in diameter at the widest part, and 4 J 
inches to 6 inches in diameter at the extremities. The object of the 
flask-like shape is to diminish the velocity of the gaseous current and 
thus to promote the condensation of mercuiy ; 40 to 45 of these aludels 
are as shown in Fig. 184, connected together, so as to fonn a con- 
tinuous tube. In-order to prevent the escape of gas at the ppints of 
union, they are carefully luted. The rows of aludels lie parallel to each 
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other in grooves in two surfaces sloping towards each other, so arranged 
that the first half of the row of aludels leads the gasi^s and vapours 
<lownward8, and the second half conveys them upwards. The aludels 
that lie upon the descending half have each in the bottom of their 
widest portion an opening 0*08 to 0*16 inch in diameter, through 
which the mercury condensed in them escapes This opening is 
omitted in the aludels of the ascending half. The condensed mercury, 
])art of which escapes from the above-mentioned holes, and part of 
which is emptied out from time to time from the aludels into the in- 
clined gi'ooves, runs into the inclined channel, v (Figs. 181 and 182), 
in which it collects, and flows from it into the pans, s, from which 
it escapes by means of the iron pipe, /, shown in Fig. 185, into a 
storehouse, where it is collected in graduated cast-iron pans, one of 
which is provided for each pair of furnaces in the block. From the 
row of aludels, the vapours and gases pass into condensing chambers, 
tv (h in Fig. 185), built of brick, in which any mercuiy vapours not 
yet condensed are to be deposited. A partition wall, is introduced 
so as to lengthen the path of the vapours. Any gases not 
condensed escape into the stack, which is provided with a damper. 
The fuel used at Almaden was formerly brushwood, but is now coal. 
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The charge for the larger furnaces is 13 tons of ore, for the smaller 
furnaces 8*7 tons. Together with this quantity 1*5 tons of small ore, 
moulded into bricks, known as hclas, are charged in each furnace. 
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Four classes of ore are distinguished at Almatlen, rich on* ; 

rtquuh\'o, medium ore; chim, poor ore; and vacisco, FUiull ore. 
According to Escosura, the average consumption of these clasH(‘s is 
as follows : — 



Metal. 

llequlelno. 

1 ( liliia 

Viii 

iKi 1) 

Cinnabar . 

' , 

2 

' 1 

1 

O 

1 

1 I 

» n 

1 1 

, 

' 291 

21*2 

13*3 

10*2 , 

1'2 

0-86 

' rn 

, 2*8 

Iron pjrritea . . . 

1 2-2 

2*0 

2-0 

1*9 , 

2-1 

2-8 

12-3 

' ir, 

tiituminouH matter . 

O-fl 

1 1*0 

1-0 

1-2 

3-4 

0-9 

i 4*0 

1 0-7 

iJangue . . . 


74-8 j 

1 82-1 

85-0 1 

9U-2 

93-5 

77'.'> 

' !»3-3 

Total 

99-4 

j 99-0 

98*4 

I' 

' 98-9 , 

1 

1W9 

98-06 

99-5 

1W3 

Metallic mercury . 

1 2.1-5 

1 

1 18-28 ' 

11-47 

1 

' 8-64 

1 

103 


4-40 

2-4 


Before the ore is charged, the pt'rforated arch is covered with a 
layer 2 feet deep of fragments of quartz or of poor lump ore {solera 
p6bre\ the pieces of which are such a size that the flame hnm the 
fuel can penetrate through them readily. Upon it ores of medium 
quality {reqaiebro) are charged, and upon this the poorer ores {ehma\ 
which two kinds together amount to two-thirds of the total charge. 
Rich ore {metal) follows, upon which fragments of old aludels and 
blocks of fine ore (mcisco) and residues firom soot treatment are 
placed; three men are occupied in charging, which takes \\ io % 
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hours. As soon as the whole charge has been introduced into the^ 
furnace, the two charging doors are closed, and the fuel in the firing 
chamber is ignited. Formerly, brushwood was used as fuel, but now 
coal is employed, which is burnt upon a grate. After 4 to 6 hours 
the first mercury shows in the front aludels. After firing from 10 to 
12 hours, the column of ore has been heated sufficiently to be able 
to supply the heat required for the continuance of the process by 
the combustion of the sulphur in the cinnabar ; firing is therefore dis- 
continued. The air which serves to oxidise the sulphur is heated by 
its passage through the perforations of the arch and of the barren ore 
lying upon it to a temperaturo of 200'' to 300® C. IJhe ores bum for 
43 or 44 hours, during which time mercury distils uninterrupted!} . 
After the end of this second stage (h*am), the residues in the furnace 
arc allowed to cool for some 18 hours, to promote which the doors 
(►f the fireplaces and the charging doors are opened. At the end ()f 
this time the distillation residues are drawn from the flimace, which 
occupies some 2 hours, after which the furnace is re-charged. Each 
eumpiign lasts upr>n the whole some 3 days of 24 hours: of this 
time, 10 hours an* occupied in firing, 44 in the distillation, and 
18 in the cooling. Fomierly a charge consumed from 2’2 to 2*5 
tons of fuel. Nowadays, owing to the employment of coal, a large 
fiirnaci*, taking a charge of 13 tons of lump ore and 1*5 tons of ore 
fines, requires 18 ewts. of coals, whilst a small furnace, taking 0 tons 
of lump ore and IJ tons of fines, requires 14 cwts. of coal. As 
regards the temperature in the condensers, it has been found, 
accorrling to Kuss, that the highest temperature in the first aludels 
is from 245® to 2(10’’ C., which is attained after 40 hours. In the 
tenth aludel from the furnace it roaches 105" C. at the end of 48 
hours ; in the midmost aludel of the row it amounts to 50^^ at the 
end of 52 hours; whilst in the last aludel of each row it rises to 
20" at the end of 52 hours. The aludels which lie on the slope next 
to the furnace are cleaned out eveiy month, those on the other slope 
every two months, to remove the mercury and soot contained in 
them. For this purpose the luting is removed and the aludels are 
held one by one vertically over the inclined gutters of the slope 
upon which the aludels lie, in order that the mercuiy contained in 
them may run into these gutters. The soot is then removed from 
them by means of brushes. It is collected in heaps, and treated in 
the manner to bo described later on. The residues resulting from 
its treatment arc moulded into blocks, together with ore fines, and 
treaM#in the furnace just described. Opinions vary as to the 1 m of 
mevemy, which is given as between 4*41 and 25 per cent. According 
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to L de la Escosuiu,^ Langer * calculates that the loss of quicksilver, 
when modem methods of assay are employed, averages 20 per cent. 
As already stated, the aludel furnace is in use nowhere else. It 
requires no proof that the intermittent process carried on in it i*? 
inferior to a continuous one. On the other hand, the condensing 
arrangement of rows of aludols followed by chambers, represonte 
a principle which has been quite recently acknowledged as the 
correct one, although in modified form. The newest and best con- 
(lensers have been arranged on this system in Idria, and^ consist of a 
series of stoneware pipes followed by wooden chamters. 

Th^ Idria^ FiiruMce 

This furnace is distinguished from the Bustamentc furnace only 
by the construction of the condenser, which consists here not of 
aludels but of chambers lined with cement, six or eight of which are 
built on cither side of the furnace. The gases and vapours, therefore, 
escape at both sides of the shaft. The Idrian furnace was designed 
in 1787 by von Leithner at Idria, and has been in use there, with 
various modifications, up to the year 1870. It was introduced in 
the year 1800 by Larrafiaga into Almaden, and is still in use there, 
side by side with the Bustamente furnace. The original furnaces 
were rebuilt at Idria in 1825, either a pair or a single one forming 
a furnace block.’ The double furnaces were called Franz furnaces ; 
and quadruple furnaces, containing four in one block, Leopoldi fur- 
naces. The construction of the modern Leopoldi furnaces at Idria 
is shown in Figs. 186 and 187, in which the condensing chambers on 
one side of the furnace only are shown. The furnace is square in 
plan, 10 feet in the side, and is furnished with two perforated brick 
arches. Upon the lower one, a, lump ores are placed, whilst the 
upper one serves to cany the clay or cast-iron pans in which the 
fine ore is charged. At one time, furnaces with three perforated 
arches in the shaft were employed. The fireplace is under the 
bottom brick arch, and is provided with a firegrate c, to being air- 
flues \ h are manholes for cleaning out the chambers ^ x are the 
escape flues, of which there are six on either side of the furnace ; 
the bottom of the condensing chambers, d, slopes towards (me ude, 
in order to allow the condensed mercury to flow off into a gutter 
running along one side of the chambers, which conveys it into the 
magazine. From the last chamber the gas passes through the flues 

1 Op, cit,, p. 448 ; Kubs, op. cU, 

a Beaehreibwig des QueeksObeHferffwerke^ Almaden. Berg. u. HOU. JahHf. d. Berg. 
Ahad.y 1879. * Mltter, loc. cU. 

VOL. II ^ 
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y and z to the stack. The construction of the older form of double 
furnace with three arches is shown in Figs. 188 to 190, of which Fig. 
190 shows the shaft on a somewhat larger scale than that of the other 
two figures. The lump ores are charged upon the bottom arch x,x\ 
upon the middle one, y, y, ore of medium size is charged ; and upon 
the top arch z, z, the pans with ore fines ; w are the outlet flues, of 
which there are six on either side of the furnace, and T the con- 
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densing chambers connected with them. From the last and highest 
condensing chamber, w, the gases pass into the flue, AT, leading to the 
stack. On either long side of the sjrstem of chambers there arc 
gutters r, which collect the mercury fi^om each chamber, (the bottom o 
which slopes towards the gutter), and which lead it to the magazine 
F and IF are archways through which the air passes into the shaft o 
to the fuel. At one time only ore fines were treated in these furnaces 
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and were charged in pane, of which the furnace contained 1,800, with 
44 lbs. of ore in each. This fu|iiace was first fired for 10 to 12 hours, 
then it was left to itself for 5 or 6 days, after which the distillation 
residues were removed. The charge of ore per furnace amounted to 
49 to 68 tons; the output of mercury was 2'86 per cent,, when. ores 
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contaming 8*26 per cent, were treated. This output was smaller than 
in the case of the aludel furnace, but, on the other hand, the work- 
ing expenses were also less* At present there are two Id r ia n furnaces 
in use at Almn/jan, Each of them is 25 feet high, and is circular in 
pUn, with a diameter of 10 feet. .As in the case of the Aludel 
furnace, there is here only one single brick arch with perforations. 
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There are five openings on either side in the upper part of the shaft, 
through which the gases and vapours escape into the condensing 
chambers, of which there are six on either side. As in the furnace 
at Idria, the last chamber is higher than the others, and acts as a 
stack. The other details of the chambers, the sides and floor of 
which are coated with Portland cement, are similar to those at Idria. 
The charge of these furnaces is twice that of the Bustamente 
furnace, viz., 27*2 to 28*5 tons of ore. The labour employed for 
charging the furnace is the same as for the Bustamente furnace ; it 
occupies one day. The furnace is then fired for a day, the heat 
necessary for distillation being maintained during the two following 
days by the sulphur contained in the ore. The period of cooling, 
which lasts for a day, now follows, and another day is occupied in 
withdrawing the residues after distillation and the ashes of the fuel. 
Including charging and clearing, six days are therefore required for 
distillation. The consumption of wood for each distillation amounts 
to 4*2 to 4*5 tons. The soot is freed by rubbing in the condensing 
chambers from the greater part of the quicksilver contained in it* 
The residues thus obtained are agglomerated, together with ore 
fines, into lumps, and treated in the distillation furnace. According 
to experiments executed at Almoden, the losses of mercur}' in this 
furnace are higher than in the Bustamente furnace, the ratio being 
given as 6*2 in the former to 4*41 in the latter. These results 
have, however, been obtained by the old method of ore assaying in 
retorts with the addition of lime, and can, therefore, not be taken as 
reliable. On the other hand, it is perfectly clear that the working of 
the Idrian furnace is cheaper than that of the Bustamente furnace.^ 
In Idria, where the furnaces had done better work than the Busta- 
mente furnace, especially for ores poorer in mercury than those of 
Almaden, carrying 3 to 4 per cent, of mercury as against 7 to 10 at 
Almaden, this furnace has been thrown out of use since 1870, and 
has been replaced by continuous working furnaces and modem shaft 
furnaces. 

Extermlly Fired Fitrruma 

Furnaces of this type were formerly in use upon a large scale at 
the Bedington works, near Knoxville, and the New Almaden works, 
both in California, but have been replaced by modem furnaces.^ The 
last furnace of this kind was in partial use in New Almaden in the 
jear 1889,but has probably disappeared by this time. In this furnace 

^ Langer, lot. eU. 

* Bgleeton, MetQUufyy ofSUver, Chid, and Mercury, vol. ii., p. 814. 
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the fireplace was built out on one side of the shaft, this side being 
formed by a curved perforated, wall, through which the products of 
combustion could enter the shaft, after which they passed through 
horizontal channels left in the column of ore, towards the opposite 
side, through which they were discharged into condensing chambers. 
The latter were similar to those used in the Idrian fiimaces; they were, 
however, confined to one side of the furnace, and were present in 
larger numbers (from 18 to 22), terminating in a brick tower, which 
was again connected by means of a flue with a Quibal ian. Lump 
ore, as well as ore fines moulded into blocks, were treated in this 
furnace. Its construction is shown in Figs. 191 to 193 ; o is the 
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shaft furnace proper, p and q are brick walls perforated to their full 
height for the passage of the flames. They are arched in plan so as 
to better resist the lateral pressure of the column of ore. The fire- 
grate is in a chamber behind the side wall p, through openings in 
which the flames penetrate into the shaft, and, mixed with the 
vapours of sulphur dioxide and mercury, pass through openings in 
the wall 5 , into the condensing appliances. The passage of the gasm 
through the column of ore is &cilitated by means of channels left in 
them, corresponding to the openings in the walls of the furnace. When 
lump ore was treated, these channels were produced by a suitable 
arrangement of the lumps of ore. When both lump ore and blocks of ore 
fines (adeftea), or ore fine blocks alone were being treated, the channels 
were constructed of these blocks. In the upper of the ore column 

these channels were of a smaller section than in the lower part, in 
order to cause the flames to travel as nearly horizontally as possible 
through the furnace. The ores are let down in baskets through 
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the furnace mouth. The residues remaining after the mercury 
has been distilled off are removed through the apertures z,z. The 
top of the ore column is sealed by a cover of old iron, straw and 
clay. In the first condensing chaml^r there are two smaller chambers 
for drying the ores ; they are open at their upper ends, and provided 
with two apertures each at their lower ends for drawing out the 
dried ores. The furnace is 18 feet high, 9 feet broad and 12 feet long. 
The opening through which gases and vapours pass into the first 
<*ondensing chamber is 7 feet high. The charge amounts to 90 to 
100 tons, the older furnace taking charges of 60 to 70 tons only. 
Charging takes a day, and requires the labour of eight men. After 
the furnace is properly closed up, firing is continued for 4J days. 
The mercury commences to condense at the end of 14 or 16 hours, 
and has finished after 4J days. The furnace is then allowed to cool 
for 3 J days, during which time the doors of the fireplace are opened. 
After this time, the cover is removed and the distillation residues 
drawn out through the openings provided for that puri)ose. One man 
per shift is required to look after the fire. The cleaning out of the 
furnace takes a day and requires four men. Three charges can be 
worked per month. Eighteen cords of wood are required for 100 tons 
of ore. Upon the average, each ton of or(» yielded 1,873 flasks of 
mercury. These furnaces have been replaced in California by con- 
tinuous working furnaces, which work much more cheaply and do not 
require the ore fines to be mcmlded into bricks 

The Ujctrachm of Mcrean/ in, Shaft Fimiacr^ Fired Continuomly 

To this class of furnace belong the furnaces of Exeli, of Langer, 
of Knox, of Hlittner and Scott, of Livermore and of Czermak. The 
furnaces of Exeli and Langer are suitable for the treatment of lump 
ores. The furnaces of Hlittner and Scott, namely, the Qranzita 
furnace and the Tierra furnace, as also the Czennak furnace and the 
Livermore furnace, are suitable for the treatment of ore fines. The 
Knox furnace can treat both lump ores and a mixture of lump ores 
and ore fines, provided that the latter do not exceed a definite 
proportion of the whole. Both the furnaces of Exeli and Langer 
have given good results with lump ore. That of Knox, which was 
favoured for a long time in California, is now only used at one works. 
All the furnaces which have been mentioned as suitable for ore fines, 
of which the Hlittner and Scott and Livermore furnaces were 
invented in California, are at present in use at various works and 
give satisfactory results. 
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Furnaces for Lump Ores 
Exeli Fumdce ^ 

This fiimace was built at Idria in 1872 by Exeli. It consists of a 
shaft furnace, surrounded with three external fireplaces, and cased in 
wrought-iron to prevent loss of mercuiy ; there is also an iron plate 
underneath the bottom of the furnace. The construction of the 
furnace is shown in Figs. 194 and 195 ; 8 is the fiimace^shaft with 
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the three fireplaces a, and three openings underneath them, &, for the 
removal of the distillation residues, The residues drawn through 
these openings are cooled in the chamber c, which serves at the same 
time as an ashpit, wherein they may give up their heat to the air 
entering under the grate. In order to remove the distillation residues 
firom the furnace, the necessary tools can be introduced through the 
doors dy into the openings 1. The charging apparatus consists of a 

^ Ddu K, K, QtteckvUberherywerkJdria in Krainy Wien, 1881. 
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cup and cone with water seal. The vapours escape through the pipe 
e, into condensers. The grates are arranged for wood firing. The 
shaft is 13 feet high, G feet 3 inches in diameter in the upper part, 
and 4 feet 3 inches in the low'er part. The grates are each 34 inches 
long and 12} inches wide. 

The condensing aiTangement consists of cast-iron Y-shaped pipes 

19 inches in diameter, followed by condensing chambers, the arrange- 
ment of which is shown in Figs. 196 and 197, in which ^ are the 
pipes, three rows of which lie side by side. They terminate below in 
short vertical branches, which are open and dip into boxes ^,19 
inches wide, filled with water. In these the condensed mercury 
collects and flows off into an iron vessel, which is kept locked. The 
jtubes are cleaned from soot by means of discs attached to rods, 
introduced through the upper portion of the tubes, by means of 
which the soot adhering to the insides of the tubes is pushed down 
into the boxes A This furnace treated ores that would not pass 
through a sieve of 0*8 inch mesh, and which contained from 0*2 to 
0*8 per cent, of mercury. In 24 hours 14*2 tons of ore were treated 
with a consumption of 102 cubic feet of cord wood. The distillation 
residues contained 0*002 per cent, of mercury, the total loas of metal 
amounting to 8*9 per cent. 

By building up the fire spaces, these furnaces were afterwards 
converted at Idria into true shaft furnaces, in which the fuel — charcoal 
— was introduced together with the* ores into the shaft. The Exeli 
condenser wfis open to the objection that in consecjuence of the in- 
clined position of the cast-iron pipes the acid water that condensed in 
them ran down into the lower portion and rapidly destroycMl this j)art. 
Czermak therefore employed, instead of the inclined pipes, vertical 
pipes lined inside with cement, the lower portions of which terminated 
in iron bixes, which were also protected by a layer of cement. This 
condenser has been replaced by the modem Czennak condenser, 
which effectively employs the principle of surface condensation by 
subdividing the mercurial vapours among several rows of narrow flat 
stoneware pipes. At pre.sent, therefore, as fast as the iron pipes 
become destroyed they are replaced at Idria by pipes of glazed 
stoneware. 

There are two Exeli furnaces at work in New Almaden, which 
were built in the years 1874 and 1876. The constniction of the first 
built furnace is shown in Figs. 198 and 199. The shafts is altogether 

20 feet high in the clear ; the diameter in its uppermost widest part 
amounts to 11 fei^t 6 inches, narrowing down to 5 feet 6 inches; 

^ Egleaton, /oc. 
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whilst in the bottom portion, 8 foot in height, it narrows still 



Airther down to 4 feet. The shell consists of wrought-iron, | inch 
thick. It encloses first of all a shaft of common brick, and then 
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an inner lining shaft proper of fire-brick separated from the former 
by a small interspaca The lower portion of the furnace, in which the 
fire-places and discharging doors are situated, is supported on cast-iron 
plates. The furnace stands upon a plate of cast-iron forming a very 
flat cone, so that any mercury collecting in it 
runs into a vessel placed under the apex of 
the cone. The furnace top is closed by an 
annular plate of cast-iron, all except the 
throat, which is fitted with a charging appa- 
ratus similar to that already described. 
When the furnace is charged, a height of 
3 feet is left empty in the upper part. In 
this the vapours evolved during distillation 
collect, aia escape through cast-iron pipes 
1 foot in diameter, of which there were 6 in the earlier furnace, 
but only 3 in the later one, into a main 21 inches in diameter 
inclined at an angle of 10°, through which they pass into the 
condensing chambers. All these tubes are fitted with cleaning 
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discs, in order to be able to remove the soot. So as to be able to 
observe the progress of the distillation, there are 12 peep-holes, a, 
arranged at four different heights. The condensing appliances 
consisted formerly of brick chambers, a Fiedler condenser, and 
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Fiedler-Randol glass and wood condensers. The brick chambers, of 
which there were 2 to each fdmace, were 28 feet high, 28 feet long, 
and 18 feet broad. Each of these wore divided into two halves by 
means of a partition. From these chambers the gases passed into 
a Fiedler condenser, the construction of which is shown in Figs. 200 
and 201, and which consisted of rectangular boxes of cast-iron, 10 feci 
6 inches long, and 5 feet 6 inches high and broad, the cover of which 
is shaped like a flat roof. It was divided into 4 divisions Z,by means 
of 3 hollow iron walls, W, in which water circulated, ''each division 
having an inclined bottom. The first and last of these iron walls 
were open above. Through the pipe B, the water entered the hollow 
walls, which communicated with each other by means of a small pipe 
ji, and after flowing through these it escaped through the opening t. 
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The pipe jR also served to cool the iron roof and side walls of the 
boxes. The gases entered the boxes through the pipe Jf, traversed 
the divisions, and escaped at H, the products of condensation escaping 
through the pipe q. According to Egleston, this arrangement was 
done away with, in spite of the good results obtained from it, because 
it interfered with the draught of the gases and vapours, and because 
the iron of which it was made was strongly attacked by the 
condensed vapours. 

The older condensers of glass and wood into which the gases 
passed from the Fiedler condenser are shown in Figs. 202 to 204. 
They consisted of rectangular wooden boxes, in the walls of which a 
large number of sheets of glass are inserted, but not puttied in. 
These boxes were divided into four divisions by means of p^itions, so 
that the gases had to traverse them, entering at A and escaping at 
B. The bottom was inclined towards the two longer sides, in order to 
allow the condensed products to run off readily. These condensers, 
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tCNMJbave been discontinued for the Exeli furnace, but have been 
mm&ed for the furnaces which are treating ore fines. 

' At present the condensing plant consists of brick chambers and 
of cooM iron pipes. Prom the above-mentioned brick chambers the 
gases enter two systems of cooled iron pipes, and then again a series 
of brick chambers. From the last chamber they are conducted by a 
wooden box into a tower, and then through another wooden flue into 



a main flue common to a number of furnaces, through which they 
are drawn by a Guibal fan. The construction of the very effective 
iron pip(» condensers is shown in Fig. 205.^ From the brick 
chambers connected with these condensers, the gases and vapours 
escape through three pipes made of wrought iron 0*18 inch 
thick, inclined at an angle of about 20°. They are 22 inches in 
diameter and 1!) feet long. From these they pass into three 
corresponding systems of tubes, which have the shape shown in the 

* Kgleston, 02> cif. 
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figure, and which are contained in a wooden box 10 feet long, 10 feet 
deep, and 6 feet 9 inches broad. Tliese pipes are made of cast-iron, 
and are surrounded by water, which enters the lower part of the box 
and escapes heated from the upper part. The pipes are 22 inches in 
•diameter and 0*75 inch thick. The inclined pipe lying in the bottom 
of the box serves to collect the products of condensation. From the 
lower end thereof these products, namely mercury and soot, can bo run 
off by means of a smaller pipe. They run first on to a plate p covered 
with indiarubber, upon which the soot is retained, and thfenr’r enter a 
vessel in which the mercury is collected, whilst the ticid watiT runs 
out over its edge. The vertical, as well as the inclined, pipes 
terminate in blind flang<‘s, which can be romoved in order to clear 
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out the soot. From the last vertical pipe, gas and vapour enter 
a brick chamber provided with movable partitions, and traverse it in 
the direction described above. By moving the partitions, which 
resemble dampers, the rate of the gas current can be regulated. The 
wooden flues through which the gases are conveyed to the fan are 
shown in Figs. 206 and 207. They are built of two layers of curved 
planks, between which there is a coating of asphalt. Their inner 
surfaces are coated with a mixture of asphalt and coal-tar, and they 
'are coated externally with asphalt. At eveiy 6 feet they are 
supported by a wooden frame. The Guibal fan, which provides the 
draft for five furnaces, has an iron fiame, the vanes being of wood. 
Its diameter is 9 feet, its width 28 inches. Those parts of the fan that 
are made of wrought iron have to be renewed every two years. In 
working the furnace, it is first charged with ore containing from 
5 to 8 per cent, of quicksilver, and sometimes as much os 10 per 
cent. The ores are mixed with per cent, of charcoal. The fuel 
burnt on the grates is fir wood or oak. When the furnace is in 
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regular operation, it is charged and drawn every two hours ; every 
charge remains about 2^ days in the furnace. A pair of furnace^ 
are worked by two men on the shift, 10 tons of ore {granza) being 
treated in 24 hours, the furnace being capable of putting through a 
larger quantity of poorer ores. The consumption of fuel amounts to 85 
cubic feet of cord wood per 24 hours. According to Egleston, in the 
year 1888, one of the two furnaces at New Almaden was in opemtion 
for 345 days, Jind treated 3,185 tons of grarvza ores. The product 
was 7,062 flasks, each containing 76*5 lbs. of mercury, or a production 
of 8*48 per cent. A second furnace was only in operation 157 days, 
and treated 1,486 tons of ore, producing 3,050 flasks of mercury, or 
an output of 7*84 per cent. 


The Langcr Fimiacc 

This furnace was designed in 1878 by Langcr in Idria, and is a 
modified Exeli furnace with an iron shell. It diffi'rs from the latter 
chiefly in being oval in horizontal section and in not standing by 
itself, four furnaces, built side by side, being (‘nclosed in one common 
shell. The construction of such a block of four furnaces, together 
with the condensing arrangement, is shown in Figs. 208 to 210: B 
are the furnaces standing upon an iron plate surrounded by a shell of 
iron. The shafts for a distance of 14 feet from the throat have a cross 
section of 7 feet 6 inches b} 5 fi'ct 9 inches, and contract from this to 
the bottom of the furnace, a height of 9 feet, to a cross s(*ction of 5 feet 
9 inches by 3 feet 8 inches. On either side of the furnace there are two 
step grates, making altogether four fireplaces c. Beneath each of those 
are the four openings a, h, through which the distillation residues 
can be drawn out. Charging is effected by lifting the cone D by 
means of the rod d, in the casing C. The upper end of the latter is 
closed by means of a cover ti, provided with a water s(»al, the cover 
being made of wood and balanced by means of the counterpoise p. 
The gases and vapours escape through the upper part of the furnace 
into cast-iron tubes E, 18^ inches in diameter in the clear, there 
being three of these tubes to each furnace, which are provided on either 
side with two oval openings, through which the gases and vapours enter 
the tubes. These tubes communicate with the condensing tubes proper, 
which are also made of cast-iron. There are three rows of these tubes 
for each furnace, surrounded by the cooling box JST, in which a 
constant current of cold water circulates to promote condensation in 
the same way as has been explained on page 285. The cold water 
enters through the tube h, at the bottom of the box, the heated 
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water running out at the upper part through the tube i and the 
gutter Jc, and thence into the sump m. The products of condensa- 
tion collect in the box from which the mercury, with a portion of 



soot, is run off into the reservoir H. The acid waters are run out>f 
the soot collector alternately into two soot tanks /, and after 
settlement are run off through the gutter k into the sump m. The 
gases uncondensed vapours pass into the condensing chambers 
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P, which are built of brickwork pointed with cement. The walls are 
covered first with asphalte, then with a layer of cement, and finally 
with smoothly planed wood. The bottom of the chamber consists 
of a layer of concrete 3 inches thick, upon which there is a thick 



asphalte j}avc‘mcnt. The cover of the chamber consists of the 
dished-out cast-iron plates 0, which are bolted together, the joints 
being made with rubber. This cover is cooled by means of a stream 
of water conducted over it. The chamber is divided by wooden par- 
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titions into four divisions corresponding to the four furnaces. Each of 
these divisions is divided by .a horizontal partition into an upper 
chamber F and a lower one F ; from these chambers the gases pass 
through the flues B into a subterranean system of chambers, thence 
into a series of central chambers common to the whole furnace, and 
Anally p^s to the stack or fan. One of these furnaces used to put 
through in 24 hours 15*9 tons of lump ore containing 0 2 to 0 8 per 
cent, of mercury, 24 cubic feet of wood being consumed to each 100 
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tons of ore. In 1893, the loss of mercury was 912 per cent, 
according to Exeli. The fireplaces of these Langer furnaces have at 
present been bricked up, and they are used as shaft ftimaces proper, 
into which the ores are charged together with charcoal. The 
condensing arrangement has been replaced by Czermak condensers 
with stoneware pipes. 

Tk& Knox Furnace 

This furnace was erected in the years 1874 to 1875 at the 
Redington Mine, and was also introduced at a number of other 
Californian works. It was intended to treat simultaneously lump 
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ore and ore fines. Although it gave good results, both for lumps 
and for mixtures of lump and fine, provided the latter did not exceed 
a definite proportion, and showed itself especially far superior to the 
modified Idrian furnace, it has not come into general use, as was at 
first expected, in consequence of the construction of furnaces 
specially for the treatment of ore fines, and on account of the 
existence of other good furnaces suitable for the treatment of lump 
ores. At present, since the works at which it was first introduced 
are no longer in operation, it is only being used at the Bedington 
Mme. Its special advantage is said to be that it will treat satisfac- 
torily ores containing only 1 J per cent, of mercury. Its construction 
IS shown in Figs. 211 and 212. It consists of a brick shaft with 
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walls widening upwards stepwise, and with a lateral fireplace in the 
middle of its height. The height of the furnace, of which two, or in 
case of need four, are best built side by side, amounts to 39 feet. 
The shaft is rectangular in horizontal section. As shown in the 
figures, the furnace widens firom the throat to the fireplace, 
the latter lying 20 feet below the former. The shaft proper 
is, as 18 shown, 7 feet square. In order, however, to heat the 
ores thoroughly, the side containing the fireplace has been 
brought nearer the opposite side, to within 2 feet in the newer 
furnaces, according to Egleston.^ At the level of the firdjilace 

^ Op, eit,, p. 842L 
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the cross-section of the shaft therefore presents in those furnaces a 
rectangle of 7 feet by 2 feet. . At the opening for the removal of the 
residues, the cross-section decreases again down to 2 feet by 2 feet. 
The arches T form two chambers, B and S', the former of which 
contains the fireplace, whilst the escape pipe for the gases and 
vapours lies in the second. The five arches T, of which the two top 
ones are smaller than the rest, are spaced some distance apart, 
leaving openings, thnmgh which the flames enter the shaft at one 
side, and escape at the opposite side into the chamber S, By means 
of this arrangement, the flames arc forced to traverse the column in 
the shaft in a horizontal direc- 
tion, and, together with the 
products of oxidation of the 
sulphur and the mercurial 
vapours, arc* drawn by means 
of a fan into the condensers. 

The three lowermost arches 
are stepped backwards, so that 
the shaft proper widens out 
at this point. Owing to this 
widening the column of ore is 
rendered loosest opposite the 
fireplace in order to promote a 
better circulation of the flame 
through the ore, and also to 
avoid any ore dropping through 
the slots into the above-men- 
tioned chambers. 

The fire heats the ore to 
such a temperature that it will continue to bum by itself in the 
lower part of the shaft; z is the opening through which the 
residues of distillation are drawn out. The throat is closed by a 
cover V in the shape of a segment of a sphere, which] is pushed 
to one side by means of a projection on the ore waggons. The 
bottom of the chamber S is covered with stout plates of iron, 
which are to prevent the penetration of the mercury into the brick- 
work. From this chamber the gases and vapours pass by means of 
a cast-iron pipe, 1 foot 6 inches in diameter, into Knox-Osbome con- 
densers. These consist of a series of 16 to 19 boxes of cast-iron and 
wood, rectangular in horizontal section and with an inclined floor, 
which are united by means of cast-iron elbow pipes. The construc- 
tion is shown in f^gs. 218 to 215 ; the boxes are 8 feet long, 2 feet 

u 2 
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6 inches broad, 5 feet high at one end and 6 feet at the other. They 
are cooled by allowing water to trickle first over the cover and then 
over the sides. The last eight boxes are made of wood. As the bottoms 
of the iron boxes are constantly covered by a layer of fluid, they are 
not more strongly attacked than the sides ; in consequence of this 
observation, the thickness of the bottom plates, which was first very 
great, has been diminished. Attached to the last condensers is a 
Roots blower, one to each furnace, which draws the gases through a 
wooden flue into a wooden tower 15 feet high and 4 feet in section. 
This tower is filled with stones, over which water trickles, so as to 

condense the Last ])articles of 
mere my. The uncondensed 
gases (‘scape from the tower 
through a long fiut‘ to the 
summit of a hill, when' they 
ar(‘ allowed to esca 2 )e into the 
()p(‘n air. The products con- 
densed in the boxes flow 
through an opening at the 
low(‘r end of the inclined 
bottom platc's into gutters, and 
thence into a pan, from which 
the mercury is ladled out, 
whilst the acid watei*s are run 
into settling tanks, in which any metallic particles carri(‘d by them are 
deposited. On account of the high temperature of th(‘ gases and vapours 
as they enter the condenser, the grc'ater })art of the mercury is deposited 
only in the middle boxes of th(' s('ri(\s, whilst relatively large quanti- 
ties of acid waters are condensed in the last boxes. The ores arc 
charged and the residues drawn at intervals of an hour. In normal 
working 1 ton is charged at a time, so that the furnace puts through 
24 tons in 24 hours, the ore taking three days to pass through the 
furnace. At the Redington Mine the charge consisted, according to 
Egloston, of J to J of coarse ores and J to J of fines, the average 
quicksilver contents being 1 J per cent. When the larger quantities 
of fines were charged, or when the ores were damp, the furnace was 
unable to treat more than 12 tons per 24 hours. At the Redington 
Mine, when good wood was employed, its consumption amounted to 
1 to 1 J cords per double furnace, according as the charge contained 
more or less fine ore. A single furnace treating 24 tons in 24 hours 
required six men during that time, a double furnace treating 48 tons 
eight men, and a block of four furnaces treating 100 tons 10 men. The 
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removal of soot from tho condensers and tubes took place once a 
week ; it only takes a few minutes for each of the boxes. On account 
of the powerful action of the blower, no gas or vapours can escape 
from the boxes during this process, so that the health of the men 
engaged in the operation is not impairt^d. There are no data as to 
tho losses of mercury. As already stated, these Knox furnaces are 
now no longer built. 


FURNACES FOR OttE FINES 
Hutinrr and Hcoti Fum/tccs 

Hiittncr and Scott have designed furnaces for the tn*atment of 
coarse-grained ores, known as gi*anzitn, of 3‘2 to 1*2 inches cube, as 
also for the treatment of ore, known as f terras, less than 1 ‘2 inches 
cube. These furnaces, which were first introduc(‘d at New Altnaden 
in the year 1875, are shaft furnaces externally fired, in which the free 
fall of the ore through the shaft is prevented by nietins of inclined 
shelves, sloping at an angle of 45® in alternately opposite directions, 
upon which the fine ore (the angle of repose of which amounts to 
38°) slips down, as in tho case of the Hasenclever and Hclbig furnace 
(Vol. I., p. 56). In these furnaces, however, the residues arc* not 
removed continuously as in the last-named furnace, but are drawn 
out from it at short intervals. These furnaces have given excellent 
results, and arc largely used at New Almaden. 

The GmnxUa Furnace 

This furnace is distinguised from the tierras furnace principally 
by the interval between each pair of alternately inclined shelves 
being greater than in the case of the latter, amounting to 7 inches, 
and by the removal of the residues being performed without the aid of 
shaking appliances, as in the case of the tierras furnace. The older 
furnaces were built with two shafts, whilst the most recently built con- 
sist of four shafts in one block, with a common fireplace. The general 
construction of the two-shaft furnaces is shown in Figs. 216 to 218. 
Each shaft is fitted with shelves inclined alternately at angles of 45®. 
As soon as tho residues of distillation are drawn out through the 
apertures provided for that purpose, the ore lying above them slips 
down. The topmost shelves thus become free, and are then re- 
charged with ore, the charging being performed by means of the 
hopper a. The flame and air pass in the opposite direction to the 
ore, and heat the shelves both below and above. The gases are com- 
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pelled to travel this particular path by means of the partitions v’ 
and ii/, made of fire-brick ; from the grate lying beneath the parti- 
tion w they enter the space g\ and then traverse the lowest third of 
the furnace longitudinally. Being prevented by vf from rising up- 
wards in the chamber g\ they are compelled to traverse the second 
third of the furnace into the chamber gy and from it have to traverse 
the remaining thirds entering the pipe r, which leads them into the 
condensing appliances. Each shaft is 27 feet 6 inehes high, 2 feet 
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() inches broad, and 11 feet C inches long. There are ten inclined 
tiles on either side of the shaft. The vertical chambers in which the 
above-named partitions are arranged are 2 feet 6 inches wide. The 
ore, which is charged by means of the hopper a, is passed through a 
sieve of 3 75 by 2’5 inches mesh. The hopper is closed at its lower 
end by means of a conical valve. The distillation residues are drawn 
out at intervals of 40 minutes in quantities of ^ ton each time for the 
two shafts, a corresponding quantity of ore being charged in the 
furnace at corresponding intervals. In 24 hours the two shafts 
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together put through 18 tons of ore with a consumption of } cord of 
wood, three men being engaged on the furnace per shift. In 1888, this 
furnace was in operation for 128 days at New Almaden, and put 
through 2,375 tons of ore, producing 1,239 flasks of mercury, equal to 
an output of 1*995 per cent. 

The condensing appliances are chambers built partly of 
brickwork, partly of glass and wood. The condensers of glass and 
wood form the last chambers into which the gaseous current 
enters after it has been cooled. The construction pf the brick 
condensers is shown in Figs. 219 to 221. They consist of chambers 
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27 feet high and 6 feet broad, divided by a brick partition into 
two divisions. The chambers are coimected by means of brick 
flues 4 feet square ; for the convenience of cleaning them out, there 
are two rows of openings 2 feet square in the side walls. These are 
closed by iron plates in the hotter chambers, and by sliding windows 
in the cooler ones. The floor is coated with cement, on top of which 
there is a layer of asphalt in the cooler chambers. The floor is 
inclined towards the centre, as also towards one side. The walls of 
the cooler chambers are coated with a mixture of asphalt and coal- 
tar. The path of the gases and vapours through the chambers is 
indicated by arrows ] they enter the upper part of the condenser, 
traverse the first division, enter the second division firom below, 




296 


METALLURGY 


traverse it and escape at its upper end into a second condenser, which 
they traverse in the same direction, pass through the following con- 
densers, and finally reach the fen. The mercuiy is deposited upon 
the inclined floor of the chambers, and flows through a gutter in them 
into an external gutter made of brickwork and lined with asphalt, 
firom which it runs into the collecting pans. Quite recently the walls 
of these brick condensers have been provided with so-called water 
backs, consisting of cast-iron boxes 43 inches long, 16 inches wide, 
and 14 inches deep, in which water circulates. They are provided 
with an external flange 8 inches broad, to which the cover lined 
with wood is bolted. There is a partition in them which forces the 

cold water, entering at 



the bottom by means of 
four pipes, to circulate. 
These water backs are aj)- 
])lied to the first two cham- 
bers ; they have given good 
results, and couiptil by far 
th(* gi*eater portion of the 
mercury to condense in the 
first brick chamb(*r, whilst 
it used formiTly to be de- 
posited in the fourth to the 
seventh chambers. Th(ur 
life is up to four years. 


Fu,^. -JUa— 224. 


Chambers provided with 


these water backs are con- 


sidered at Alinaden to be the best of all condensing appliances, 
and have to a great extent replaced glass and wooden condensers. 

The arrangement of the most modern type of condenser, made 
of glass and wood, of which there are 12 to 15 following the brick 
condensers, is sho^vm in Figs. 222 to 224. They are connected 
with each other alternately above and below, and consist of tCwers 
25 feet high and 4 feet square. They are built of glass plates let 
into wooden frames and contain no iron whatever. The floor consists 


of plates of glass lapping one over the other like the slates of a roof, 
and it inclines towards the side, at which there is a gutter for the 
removal of the mercury. This gutter terminates in an earthenware 
pot for the collection of the mercury. The roof and the flues 
uniting the towers are also built of glass. The gases and vapours 
are forced to altc'rnately rise and descend in these condensers. Very 
little mercuiy, but a great deal of acid water, is deposited in these 



MERCURY 


297 


condensers, the temperature of which varies from 55° to 80° Fahr. 
In order that these condensers may remain tight, they must be kept 
in continuous action, otherwise the wood shrinks for want of 
moisture. From the glass chambers the gases pass through s 
wooden flue of the construction described on page 285 into a tower 
of brickwork, from which they are drawn off by a Guibal fan and 
forced into a stack 

The arrangement of the most modem Uranzita furnace ^ with four 
shafts is shown in Figs. 225 to 227, which represent a double 
furnace of the above kind. Fig. 225 shows an elevation and a 
vertical section on ZZ\ Fig. 226 a vertical section oTiOFQR\ Fig. 
227 a horizontal Section onV W XY, The entire furnace is 36 
feet high, 25 feet 6 inches long and 17 fedt 6 inches broad. The 
floor of the furnace is rendered impervious to quicksil\er by means 
of oast-iron plates a. There are four shafts in the furnace, with one 
fireplace common to all. The* dimensions of each shaft are 27 feet 
high, 11 feet 6 inches wide and 26 inches deep. The tiles upon 
which the ore slips down are inclined at an angle of 45°, th(^ distance 
between two tiles inclined in opposite directions amounting to 
8 inches. J is the grate burning wood as fuel, and fired from two 
opposite sides. The air required for combustion is supplied by 
means of the pipe which traverses a portion of the condensing 
chambers, and is thereby heated ; it enters by means of a number of 
small flues under the grate. The flame passes in the same direction 
as it does in the Granzita furnace with tw'o shafts. At the two nan’ow 
sides of the shaft there are chambers, III and IV, with their partitions 
m and n. The flame passes from the grate J, J in the lower part of 
chamber III up to the partition m in this chamber, and then passes 
through the openings X into the lower third of the four shafts, which 
it traverses lengthwise, escaping through the openings XI into the 
chamber IV, In this chamber there is a partition, n, at two-thirds of 
its height, which forces the gases and vapours to traverse the second 
third of the four shafts lengthwise, entering the chamber III through 
the openings XL From the latter chamber they enter the last 
third of the four shafts, traverse it, and pass into the upper portion of 
the chamber IV, from which they are conveyed by the cast-iron 
pipe Q into the condensers. The openings XI have an inclined 
floor, so that any soot collected in them can slide down, the object 
being to prevent the openings becoming stopped up either partially 
or entirely. In order to keep all the openings clear, and to prevent the 
ore settling upon and between the inclined tiles, as is apt to happen 
^ Egleston, op. ciU p. 877 ; Eng. Min, Joum,, 1886, p. 174. 
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in the case of wet ores, gas pipes 3 inches in diameter are built into 
the wall of the furnace opposite each partition. These pipes are 
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kept closed during the operation by means of clay plugs^ and 
through them iron bars L can be introduced, by means of which any 
flue-dust can be removed through the doors Any ore that has 
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fritted on to the topmost tiles can be removed by means of the iron 
rabbles 0, which are attached to the sliding bar N\ t are the 
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charging hoppers, the lower portion of which is closed by meaM 
sUdes oontroUed by a lever; « are openings that can he closed 
means of doors, through which the residues of distillation can 
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removed from the furnace. There are 4 such openings on either 
of the longer sides of the furnace. The distillation residues 
from the inner shafts fell direct upon the inclined floor of 
the furnace which is covered with cast-iron plates. The distil- 
lation residues from the outer shafts fall upon the plate c, and can 
only drop on to the bottom of the furnace after the slide e is drawn 
back. These residues are drawn out from each side of the furnace 
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at intervals of forty minutes, one-eighth ton being removed from 
each of the 8 openings, so that 2 tons altogether are removed from 
the furnace every 80 minutes, a corresponding quantity of fresh ore 
being charged at equal intervals. The ore remains for 30 hours in 
the furnace, the quantity of ore put through in 24 hours amounting 
to 86 tons, during which time the furnace consumes from to Tf 
cords of oak wood. Five men work a furnace in a shift when it 
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alone is in operation. If the above described 2-shaft furnace works 
at the same time, 3 men are sjifficient. The percentage of mercury 
contained in the ores treated in this furnace is often as low as f to 1 
per cent. In the year 1888, this furnace was in operation 236 days 
and treated 8,420 tons of ore, from which 3,073 flasks of quicksilver 
were obtained, equal to 1*395 per cent, of mercury. This furnace 
is to be preferred to the 2-shafb furnace, as may be inferred from the 
&ct that the costs of trciating a ton of ore amounted to S0*64, 
whilst in the 2-shaft furnace they amountc'd to $1. Ip the former 
furnace wages amounted to S0 28, in the latter fnrniice to $0*46.^ 

The condensing arrangoinents consist of brick chambers and 
chambers of glass and wood as in the 2-shaft furnaces. The two first 
brick chambers and the fourth ohaniW are fitted with cast-iron water- 
backs let into the sides as already described. The third chamber 
contains drying kilns for the fine ore, which promotes the cooling of 
the gases and vapours. There are 2 water-backs in each of the 
brick chambers, there being 10 o£*tl*v‘Sc altogether, followed by 15 
condensers of glass and wood. From the latter the gases escape 
into a brick tower and arc finally conveyed by a flue to the Guibal 
fan, which forces them into a stock. 

The Turrns Fnrmm 

These furnaces are similar in construction to the Granzita 
furnaces, except that the interspaces between the inclined tiles arc* 
smaller, amounting to from 3 to 5 inches, whilst the distillation 
residues are withdrawn by means of so-called shaking tobies of cast- 
iron. Some furnace blocks have been built with 2 rows of 2 and others 
with 2 rows of 3 shafts ; the construction of the blocks containing 3 
shafts in the row is shown in Figs. 228 and 229. The fireplaces and 
the arrangements for deflecting the flames are the same as in the 
Granzita furnace. The whole furnace is jacketed with iron. The 
interspaces between the tiles of the outer shafts are 5 inches wide, 
those of the inner shaft 3 inches. It was thought that ores of rather 
coarse grain (Granzita) could be worked in the outer shaft. 
Nevertheless it was found that the heat which was quite sufficient 
for tierras, was not high enough for the coarser ore, so that the 
furnace is only treating tierras at present. Each shaft is 81 feet 
high, 23 inches broad and 9 feet long. The grate is 5 feet above 
the discharging openings, these being protected by cast-iron plates ; 
their width is 3 or 5 inches, and they extend over the total 
Egleston, op* cit,, pp. 873, 879. 
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length of the furnace. Below them are the cast-iron shaking tables, 
which are carried upon wheels running upon rails. When these 
tables are immediately below the discharging openings they support 
the distillation residues that drop upon them until they reach their 
natural angle of repose. As soon, however, as the tables are pushed 
backwards and forwards by means of levers, the residues slide into a 
waggon running beneath them. The residues are thus removed 
every 10 to 15 minutes, a ton being withdrawn from every pair of 
shafts in 2 hours, and an equal quantity of fresh ore charged. 



The total quantity of ore, which all the 6 shafts of the furnace are 
capable of putting through m 24 hours, amounts to 36 tons, 2j^ cords 
of wood being used during that time. The ore remains about 34 
hours in the furnace. There are three men on the shift. In the 
year 1888 this fumaco was in operation for 255 days, treated 9,111 
tons of tierras and produced 3,078 flasks of mercury, equal to on 
output of 1*29 per cent. The cost of treatment of a ton of ore 
amounted to $0*72. 

The double furnace with 2 pairs of shafts put through 24 tons in 
24 hours with 2 men on the shift. At first the cost of treatment 
per ton of ore amounted to $1*73, but later was reduced to only one- 
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half of that amount. In the year 1888 this furnace worked for 200 
days, treated 4,737 tons of tierras, and produced 1,686 flasks of 
mercury, equal to 1‘36 per cent. Nothing is said with regard to 
the loss of mercury. 

The mercury is condensed in brick chambers, some of which are 
fitted with water-backs. A portion of the hot gases and vapours 
surrounds a drying kiln for the damp smalls and is aftorwaixls 
introduced into condensing chambers. Thrse shelf drying kilns are 
fitted with inclined tiles like the Tierras and Gransita furnaces. 
They are fully described in Egleston’s work, Vol. II., page 871. 
Both the Qranzita and Tierras fniiiaces desciibed give exceedingly 
good results, but nothing is known as to the loss of quicksilver in 
operating them. 

The Livermore Fumum 

This furnace was introduced by C. E. Livermore at the Bediugton 
Mine, Knoxville, California. It c^msisis of a row of narrow channels 
lying side by side and inclined at 50°, in which the flame ascends^ 
whilst the ore, the descent of which is repeatedly interrupt(»d, slides 
down upon the floor of the channels, dropping at last into a cooling 
chamber. The principle upon which the construction of the furnace 
depends is that of the older zinc blende calcining furnaces of Hasen- 
clever (see page 59). The construction of the furnace is shown in 
Fig. 230. S is one of the inclined channels, the length of which 
varies from 30 to 35 feet according to the nature of the* ore ; the 
width is 6 J inches, and the height from the floor to the crown of the 
arch 12 inches. There are 11 to 20 of these channels side by side, 
and they are heated by means of the grate E which is common to 10 
or 11 of them. In the channels there are numerous projections, v, 
built of fire-brick and made roof-shaped, running across the channels, 
their object being to prevent the ore from sliding down too quickly. 
These project 5^^ inches above the floor, and are 12 inches 
apart from each other. In the arch of the channels there are also 
projections built of fire-brick 4 inches in depth, placed half-way 
between each pair of projections from the floor, their object being 
to prevent the flame from following straight along the arch, and to 
force it down upon the ores. The fire grates B are 24 inches high 
and 26 inches broad; their length depends upon the number of 
channels lying side by side. Several fireplaces are required for a 
large number, whilst one fireplace fired from both sides suffices for 
10 to 11 channels. The firebridge is 20 inches above the grate, and 
its top edge is 18 inches below the crown of the arch of the channel. 



304 w 


METAIJiURGY 


The ore is charged through the hopper w, the lower end of which is 
2 inches square. If it should become stopped up, it is cleared by 
means of iron bars introduced into the hopper. The distillation 
residues pass at the lower end of the channels through flues u into 
the cooling chamber B, in which they are allowed to cool for awhile, 
and are then removed in waggons ; the cooling chamber is connected 
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with a condenser T by means of flues which collect any vapours 
escaping jfrom the hot residues. P is an auxiliary fireplace for 
heating the floor of the channels. It has, however, been found 
unnecessary, and it has been omitted in the more modem furnaces. 
The roofs of all the channels are covered with ashes in order to 
keep the heat together. There are sight-holes in the lower portion 
of the shafts in order to enable the process to be watched. 

The vapours and gases escape from the flues y, into the condenser, 
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which consists of 5 brick chambers, T, 10 feet 9 inches high, 16 feet 
long and 4 feet wide, followed by 10 Knox-Osborne condensers, 
which have been described on page 291, and finally by 5 wooden 
chambers with inclined floors, 8 feet in height, 20 feet in width 6 
feet high at one side and 5 feet at the other. Finally the gases pass 
through a long system of flues into a stack. 

In a furnace composed of 10 to 12 flu(is, 1 j tons of ore are treated 
per flue in 24 hours, so that the whole fimiace treats from 17^ to 21 
tons ; in the larger furnaces each flue will put through 1 ton in 24 
hours. The consumption of fuel in a furnace with 10 to 12 flues is 
from 1 J to 2 cords of wood per 24 hours. Such a famace is worked 
by 6 men in two 12-hour shifts. 

At the Sunderland Mine there is a Livermore furnace with 12 
flues, which treats 15 t<» 16 tons of ore in 24 hours. The condensing 
appliances there consist of wrought-iron tubfjs 18 inches in diameter. 
At the Redington Mine tlien* art) furnaces with 16 and 20 flues 
respectively, the latter putting throi gh 30 tons of ore in 24 hours. 
The Livermore furnaces have given very satisfactory" results, although 
nothing is known about the losses of mercury in this futnaee. 
According to Egleston,^ the losses of mercury in California are said 
to amount to 16 to 20 ]jer cent, in the best furnaces. At New 
Almaden the losses were said to amount to 7 ’29 per cent., according 
to some experiments which were extended over but a short time. 
Egleston says that in California the expense of further decreasing 
the loss of mercury is greater than the additional value thereby 
obtained. 

The C'^cinnak Funwee {Svhdttofen) 

This furnace was introduced in 1886 by Czei-raak, in Idria, and was 
modified by Novak, the improved form having given very satisfectory 
results. It is far superior to the long-bedded calciners, in which a 
portion of the fine ore is also calcined at Idria. The furnace consists 
of a shaft furnace with an iron shell ; inside the shaft there are 
s(‘veral rows of ridges made of fire-brick, the topmost row alone being 
of cast-iron, upon which the ore slides down. This arrangement 
somewhat resembles the Gerstenhofe calciner, except that in the 
latter the ore bearers are ridge-shaped below and flat above. The 
air required both for the complete combustion of the fael,asalso that 
required for oxidation, is heated. Four furnaces are combined to 
form a block. In the most modern furnaces there are 6 rows of 6 
ridges each, of which the 4 lowermost rows are built of fire-brick, 

^ Op, cit,, p. see. 
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whilst the tipper one consists of cast-iron. The construction of a 
furnace with only 4 rows of ridges is shown in Figs. 231 and 232. 
In the former, «, u are the ridges lying one beneath the other. They 
are so disposed that the ore chargetl upon the topmosi row of ridges 
slides gradually down their inclmeil faces, and reaches the bottom 
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of the furnace free from mercury. The firing is done by means 
of the grates h, i, of which h is the main grate, i an auxiliary 
one. The flames from both fireplaces unite in the flue S. The air 
required for the combustion of the fuel, as also for the oxidation of 
the sulphide of mercury, is heated both in the elliptical cast-iron 
pipes a, as also in the lateral air Chambers r. From the pipes a the 
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fiir passes into the air chamber M, and from the latter, by means of 
vertical openings in its roof, into the flue 8, in which the gases 
evolved from the fuel are completely burnt. Above the shaft 8 there 
is a second air chamber w, into which air passes both from the chain bei 
r and through the openings g. The air contained in this chamber 
enters the flue 8 through openings in tht‘ floor of the chamber: from 
that flue the products of combustion with the excess of air enti'r thi' 
furnace through th(‘ openings y, y. Below those openings there is a 
tier of smaller openings not shown in thf* figures, through which the 
flames })ass beneath the lowermost vow (if ridges. The flamcft and 
air ascend in the shaft in the inters]»aces btdweon the ridges and 
finally escajie laterally through the* openings y\ whi^’h <'oi respond to 
the spaces beneath the topmost row of ndges, whence they pass into 
the flue Ty which carriers all the gaHc& and \a])ourH e^olved from the 
furnace through the jiipe T’' to the condeiisi'i*. l^he fine ore falling 
down in the furnace finall} drops through the slots s, s in the floor 
of th(» furnace, into the sheet iron hopper Q, and thence into the 
spaces between the columns K. The whole furnace stands upon a 
dish made of riveted sheet-iron which is su))ported b\ means of 
cement pillars protected with cast-iron jilates. Those inllars are let 
into the floor which is carefully ccanented, and in which there are 
cast-iron tanks, so that any cscapi* of mercury is at once perceived. 
''Phe residues are drawn <iul find fresh cue is charged at intervals of 
two hours. 

The condensing appliances consist of vertical pipes elliptical 
in cross section, made of stoneware, and cooled by means of water, 
followed by dust chambers. The individual portions of the system of 
tubes are connected by means of cement, the whole system being 
supported by a wooden frame. The bottom-most ends of the pipes 
dip for 2 inches into boxes made of iron and lined inside with 
cement, and filled with water, in which the condensed mercury and 
soot collect. A furnace with 4 shafts is connected to 8 rows 
of tubes with 8 vertical tubes in each. These rows of tubes open 
into dust chambers built of 2 inch boards, which are made tight 
by grooves and feathers, and cemented with a cement made of quick- 
lime and linseed oil. The dust chambers are supported upon brick 
pillars, their floor being protected by a layer of Portland cement 2*4 
to 3*2 inches deep. The space below the chambers forms a sump 
for the escaping condensed water and for the wash wat». The 
ground about the condensers is concreted, channels being made in 
the concrete, through which the condensed water and wash water 
can run into the sumps, which are also built of concrete. The 
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construction of the condensers for a block consisting of 4 furnaces, 
the mode of connecting it with the furnace and with the dust 
chambers, as also the construction of the latter, is shown m Figs. 233 
and 234. The gases and vapours from the 4 separate furnaces V 
collect in the gas-mam a, and pass from it into 3 branch pipes h, 
through which they enter the condensers c. Below the latter are the 
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boxes /, filled with water into which the ends g of the Y-shaped 
pipes dip. Through these boxes mercury flows off into the cast-iron 
pans h ; the gases and vapours pass from the condensers d into the 
dust chambers g, which are provided with partition walls, and from 
the latter into the so-call^ central chambers. Below the dust 
chambers there are brick sumps £>, into which the condensed water 
and wash water flow through the gutters t, P are the brick pillars 
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which carry the dust chambei*s. Fig. 233 shows the combination of 
2 blocks of furnaces with .the condensers and the dust chambers. 
The cleaning out of the condensers, that is to say, the removal of the 
mercury from the stoneware pipes into the iron boxes, is undcrtaV<'n 
every fifth day, when rich ores arc treated, but only every 14 days 
when poor small ores of the first and second quality and poor coarse 
ores arc treated. According to the results obtained in the year 1802,^ 
furnace No. 1 at Idria treated in 24 hours 22*4 tons of poor and rich 
small ores, with a consumption of 130 cubic feet of wpo*!, and a v ost 
in wages of I7a for every 10 tons of ore. The production of soot 
amounted to 3*3 per cent., and that of mercury to 204*2 tons. In 
furnaces Nos. 2 and 3, (*a<*h funiacc of 4 shafts treiUed in 24 hours 
26*7 tons of poor small ore and presst*fl soot, with a consumption of 
106*5 cubic feet of wo<k 1 pi'r 10 tons of ore. The (‘ost of wages for 
this fquantity of ore amounted to 1 4s. The production of soot 
amounted to 1*3 per cent,, that of mercury to 117*7 tons. The loss 
of mercury in this fumiice was per cent. These furnaces have 
given very good results, and fine r)res should thc^refore as a rule be 
treated in them, unleas they have to be worked in long-bedded 
calciners on account of the pnxiuction of too large quantites of flue- 
<liist. 


The EjUrnvtiwi of Mermry in Reverberatory Fanmees 

Reverberatory furnaces are inferior to the above described shaft 
furnaces in every respect. They are employed for small ore which 
yields too much fiue dust when treated in shaft furnaces ; also for 
coarser ore which decrepitates readily in the shaft furnace, and for 
ores that readily sinter. The first reverberatory furnaces were con- 
structed in 1842 by Alberti in Idna. The last of these Alberti 
furnaces was discontinued in the year 1887. In 1871, the first iron- 
clad reverberatory furnaces heated from beneath the hearth were 
built at Idria by Exeli, which were followed in the year 1879 by 
Czermak's long-bedded calciners. The latter were re-modelled in 
1888 by Spirek,and thus received their present form. If the nature 
of the ore necessitates the employment of reverberatory furnaces, 
long-bedded calciners should as a rule be employed. The Alberti 
furnace, the Exeli reverberatory furnace, and the reverberatory 
furnace at present employed in Idria will be considered in some 
detail. Reverberatory furnaces are not in use either in Spain or in 
America. 


1 Mitter, op, cU, 
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the hearth 13 feet 6 inchc*s hing and 7 feet 3 inches broad ; p is the 
working door, c a chanib(‘r into which the distillation residues can 
be emptied, (1 the charging hopper provided 
>Mth a blide. The gases and \apours lirst 
pass into the brick chambers then through 
the iron pipe 27 i inches in diameter, into 
the brick chambers after which they 
tmverse the chambers A-, /, ?rb, pass from the 
lattiT by means of the iron pipes n, into the 
chambers o, and lastly into the stack. In 
the latter there are compartments p, r, 
which the gases are compelled to traverse 
before being allowed to escape, .which they 
do through the openings a Water is allowed 
to trickle upon the iron pipes ; t are man- 
holes. The quicksilver collects in reservoirs 
built in the brickwork of the chambers. The 
Fio < 286 . goot deposits in the iron pipes and in the 

chambers, and is removed from them 
from time to time. In this furnace, ore fines with 1 per celtt. of 
mercury and also soot wore treated. The furnace received charges 
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of 1*1 tons, three of which were always ia the furnace at the same 
time. These charges were drawn and pushed forward every 4 hours. 
In 24 hours, 6*6 tons of ore were treated with a fuel consumption 
of 106 cubic feet of wood, or of from 0*6 to 0*7 ton of lignite. 
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losh of mercury amounted to 14*80 per cent, when treating coarse 
small ore containing 0*4 to 0*6 per a at. of mercury There were 12 
of these furnaces in Idria, which ha\o been, as mentioned above, 
replaced by the iron-clad calciners. 

Iron-clad Reverberatory Fimiaces 

The first of these iron-clad long-bedded calciners were built in 
1871 by Exeli, and they were used up to 1877 for treating the rich 
soot residues and ores. The construction of this furnace is shown in 
Figs. 238 and 239, in which g is the grate ; the flame traverses first 
the flues a beneath the bed of the hearth, and then passes through 
the aperture o and over the hearth ft, 20 feet long and 7 feet 3 inches 
broad. After having passed over the latter, the products of com- 
bustion, together with the other gases and vapours, enter the cast- 
iron box hy cooled by a stream of water, the floor of which is steeply 
inclined and covered with cement. The quicksilver, which condenses 
in it in considerable quantity, collects in the pan I*. The gases and 
uncondensed vapours pass into 3 rows, lying side by side, of cast- 
iron Y-shaped pipes 18J inches in diameter, which are provided with 
cast-iron boxes S for the collection of soot and mercuiy. From tho 
pipes the gases enter 2 brick condensing chambers, and from the 
latter they pass into a system of flues common to all the chambers, 
and thence into the stack; d and n are working doors; o is the 
charging hopper. The distillation residues are dropped through the 
opening o into the pocket s, and drawn off at c. This fiimace, which 
treated rich materials, namely ores containing 3 to 10 per cent, of 
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mercury, and soot residues, put through in 24 hours from 2\ to 5 
tons of ore according to their contents of mercury, with a consumption 
of 106 cubic feet of wood. The loss of mercury amounted to 10 to 
12 per cent. 

This furnace was superseded in 1 888 by the Czermak furnace as 
altered by Spirek, which is the furnace now employed. Its con- 
struction IS shown in Figs. 240 to 243, Fig. 240 showing a longitu- 
dinal section, 242 a plan, 241 a cross-section on the line A-I*, and 
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243 a cross-section on the line C-I). Two furnaces are united in one 
block. The furnace stands on a dish of riveted sheet-iron ; a is the 
firegrate ; the flame passes in flues h under the bottom of the furnace, 
and then passes over the hearth c, which is 18 feet long and 7 feet 6 
inches wide, and is built of tiles 1*2 to Ifi inches thick. The gases 
and vapours pass through 3 openings into the condensing appliances, 
which consist of a series of tubes made of glazed stoneware followed 
by wooden chambers ; t is the charging hopper. The distillation 
residues are drawn off at z. The condensers, consisting of Y-shaped 
tubes, are similar to those in the Idrian furnaces and the shaft 
furnaces, except that there are only 4 rows of tubes with 6 tuJ)6S in 
each. The construction of the condensers and the method of con- 
necting them with the furnaces and the dust chambers is shown in 
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Figs. 244 and 245. The method of connecting this furnace, each pair 
of which forms one block, with the condensers and the dust chambers 
is shown in Fig. 245, in which 0 , 0 are the furnaces, and a, a arc the 
outlet pipes through which the gases and vapours from the fumaci, 
enter the distributing pipe 6 ; c, c are the vertical condensing pipes, 
and dj d the dust chambers. The latter are made of boards 2 inches 
thick, and are supported on brick pillars p, the floor of the chambers 
being protected by a layer of Portland cement 2*4 to 3*2 inches thick. 
The floor beneath the condensers is concreted, there bekig gutters in 
the concrete by means of which the wash-water is run into sumps. 




FlO. 241. 


Plan 
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The latter are also built of concrete and are cemented twice a year. 
The condensers axe cleaned out every fortnight. These calcination 
furnaces serve for the treatment of fine ores making very much dust, 
and of ores that decrepitate in shaft furnaces, it being impossible to 
treat these classes of ore in any form of shaft furnace. The residues 
are drawn out and new ore is charged every 2} hours.. These 
furnaces treat in 24 hours 6*6 tons of poor ore and soot. The conr 
sumption of fuel amounts to 148 cubic feet of wood per 10 tons ^ of 
ore. A pair of furnaces are served by 3 men in an 8-hbur shift, viz;. 
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one fireman, one labourer for wheeling in ores, and one for removing 
the residues; wages vary from 20*. to 22s. per 10 tons of ore. 
The production of soot amounts to 1*9 per cent. The loss of mercury 
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is 8 to 9 per cent. It is evident from these figures that these rever- 
beratory furnaces are more expensive to work than the Idrian 
furnaces. On account, however, of the reasons above given, their 
employment cannot be dispensed with. 
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Extraction of Mercury in Shaft FunfUfces Pro^yer 

Shaft furnaces proper, or those furnaces in which ore and fuel 
come into direct contact, work continuously, and when carbonised fuei 
is employed have the advantage, as compared with externally fired 
furnaces, that the production of mercurial soot (on account of there 
being no carbonaceous soot present in the products of combustion) is 
a very small one, in consequence of which the direct production of 
mercuiy is comparatively high. They should, therefore, be used as a 
rule for the treatment of lump ores in those cases in which carboniseil 
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fuel, especially charcoal, can be cheaply obtained. They are suitable 
both for lump ores and for bricks made of small on* ; they are used 
with satis&ctory results at Idria, where the externally fired furnaces 
of Exeli and Langer have been converted into true* shaft furnaces by 
bricking up their fireplaces. In addition to these, shaft furnaces have 
been used at Bipa, Castellazara and Valalta m Italy, as also at St. 
Annat.tiftl ^ near Neumarktl in Carniola. At Almaden they have only 
been used experimentally (Pellet furnace). The oldest shaft furnace 
i>« the so-called Hahner furnace, which was introduced in the year 
1849 in Idria, where it was in operation up to 1852. The construc- 
tion of the Idrian Hahner furnace is shown in Pigs. 246 to 248, 'in 
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which k is the shaft 36 feet high and 4 feet in diameter ; m is an 
inclined movable grate upon which the column of ore rests. In order 
to remove the distillation residues, a certain number of the firebars 
can be withdrawn, so that the former can drop into waggons placed 
below the grate ; n is the charging hopper ; o are brick condensing 
chambers with concave floors inclined to one side in order to enable 
the mercury to run off. The chambers are provided with a roof of 
cast-iron cooled with water ; they are 18 feet G inches high, G feet 
broad, and 4 feet 3 inches long ; p and q are sections of the stack, 
which is 6 feet 3 inches by 4 feet in plan. Alternate layers of ore 
and charcoal are charged into this furnace. At intervals of 1} hours 
the distillation residues arc* removed and a corresponding quantity 
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of fresh ore charged. This furnace was replaced by the Valalta 
furnace, to be presently described. 

The furnace at Castellazara, near Santafiori in Tuscany, is shown 
in Fig. 249. The shaft has a height of 7 feet 3 inches above the 
grate, its diameter being 152 inches. The distillation residues are 
withdrawn through a lateral opening above the grate. The gases and 
vapours traverse 3 condensing chambers one after the other, the 
floors of which are fonned of cast-iron pans. The mercury that 
settles in the latter is drawn off by means of pipes provided with 
cocks, into waggons placed beneath them. From the last condensing 
chambers, the gases and vapours enter another chamber h, and 
thence pass to the stack c. Ores were treated in this furnace which 
contained from 0*3 to 0*4 per cent, of mercury. 

The furnace of Valalta in Venice,' which was used also at Idria 
from 1868 to 1878, is provided with wooden condensing flues cooled 

1 0€8terr, Zeilsch., 1862, p. 105 ; Btrg. und Hidt. Ztg,, 1864, p. 284; 1868, p. 32 ; 
Bnyj* wmL Min. Joum.^ 1872, vol. xiv., Nob. 11 and 12. 
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are removed from the furnace every two hours, wlu‘n a con’esponding 
cjuantity of fresh ore is charged. 

The furnace built jit Idria in 188<S, which was replaced in ]892 
I by the new No\ak shaft furnace, on 



.iccount of its unsatisfactory results, is 
shown in Figs. 252 to 254. A is the 
shaft B being the shaft lining, C the 
n‘tjiining wall, 1) the iron casing , (i are 
cast-iron columns which support th<' 
shaft ; B is the charging «apparatus , 
F,F me openings through which the 
distillation n*sidues are drawn out of 
the furnace. Thu gases and vapours 
pass through the tube H into the 
Czerinak condenser, which consists of 
Y-shaped tubes J, made of clay. The 
condensed incTCUiy collects in the 
\essel Z, which is filled with water. 
From the condensing tubes the gases 
and vapours pass into the brick 
chambers K, 

This furnace was replaced in 1 892 
by the very successful new Novak 
furnace. This is rectangular in cross- 
section and has four openings for the 
removal of the residues. The reteining 
wall is 24 inches thick, the inner 
wall 8 inches. The construction and 


Fio 262. 


319 



Fio. 


METALLURGY 


dimensions are shown in Figs. 255 and 256. Three of these furnaces 
are united to form a block ; a are the openings for drawing off the 

residues, h is a roof-shaped ridge on the 
bottom, pierced with numerous small 
openings. Through the latter, air 
enters from the bottom of the furnace 
and, thus heated, passes into the fur- 
nace through the above-named holes ; 
c is the charging hopper, d the escape 
l)ipc for the gases and vapours, which 
thence enter the stoneware condensers 
and pass onwards into dust chambers. 
In this furnace poor ore down to 0‘67 
inch mc‘sh is treat(‘d, together with 
pressed soot; the furnace, which is 
charged every two hours, will put through 12T tons of ore in 24 
hours. For 10 tons of ore 1‘6 tons of charcoal are consumed. 4‘2 
men are employed for two shaft furnaces on 
an 8-hour shift. The cost of wages per 
10 tons of ore amounts to 13«. 4d. The 
production of soot amounts to 0*5 per cent., 
the loss of mercury to 7 to 8 per cent. The 
condensers, as in the other Idrian furnaces, 
consist of Y-shaped tubes of stoneware 
cooled by water. They are oblong in cross 
section, arc 0’8 inch thick, and are supported 
in wooden frames. The various pipes jire 
joined together by means of cement. The 
lower contracted branches dij) for about 
2 inches into water contained in cast-iron 
boxes, which are lined with cement. For 
each furnace there are 4 rows of tubes, with 
6 tubes in each. The gases and vapours 
enter at a temperature of 200® to 300* C.. 
and finally escape at a temperature of 8° to 
12° C. From 4*4 to 6’6 gallons of water are 
used per hour per furnace for cooling pur- 
poses. When poor coarse ore is being 
treated, the condensed mercury is swept 
out every 14 days from the condensers into 
the boxes lying beneath them, but every 4 
or 5 days when pressed soot is being treatt*d. 
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escaping from the stoneware pipes are condensed in chambers con- 
structed of wood and divided by i)artition walls into several divisions, 
the wooden walls being made air-tight by groove and tongue joisacs. 
The construction of the condensers, the method of connecting theiu 
with the shaft furnaces, and the dust chambers are similar to those 
described on page 312. The stoneware condensers introduced by the 
chief works manager, Mitter, have completely replaced the iron con- 
densers which lasted only 1 to IJ yt^ars, whilst the stoneware 
condensers last for any length of time, and cost only one-third as 
much as the iron condensers. They are made in Floridsdorf, near 
Vienna, at the factory of Ledc^rer and Nesseny. 

THE EXTRACTIOK OF MEKOURV IN RETORT FURNACES 

The extraction of men-ur^' in retort furnaces is not to bo 
recommended on account of the ii'jnrious effects of the mcrcuiy 
vapours upon the workmen engaged. 

The losses of mercury are moreover 
no leas than in modern shaft and re- 
verberatory furnaces, their only advan- 
tage being that their first cost is less 
than that of the latter furnaces. On 
the other hand, the working costs are 
higher on account of their smaller 
capacity. The material of the vessels 
and of the condensers is cast-iron. 

These furnaces have been used for a 
while in Idria and California, but are 
probably nowhere in use at the present 
day. At Idria the furnace of Von 
Patera was used for a while exjieri- 
montally. Its construction is shown 
111 Figs. 257 and 258.' A is the muffle, 23J inches broad, 
29 J inches long and 9 inches high ; r is the condenser made of sheet 
iron provided with an inclined floor along which the condensed 
mercury runs towards the pip© through which it enters the 
collecting pan placed beneath it. From this condenser the gases 
and vapours pass through an iron pipe into a system of clay pipes 
and thence into the stack ; / and h are openings for cleaning out 
the condenser, which can be closed by means of clay plugs ; y is a 

1 Outerr, JSeitsehr., 1874, p. 291 ; Berg, fmd Hiitt, Ztg,, 1874, pp. 91, 419. 



Pro. 2r.7. 


VOL. II 


Y 



d2» 


METALLURGY 


short branch pipe in which a gold-leaf is suspended; in normal 
working, this may not show any coating of mercury; i is a short 
branch into which a thermometer can be inserted. The air required 
for oxidation is introduced through openings a. The charge of the 
muffle is said to have amounted to 1 cwt. of ore. The output, when 
ores containing 1*5 to 3*6 per cent, of mercury were treated, is said 
to have amounted to 90 per cent., whilst in the furnaces at present 
in use at Idria, the output amounts to 91*75 per cent. 

At the Missouri Mine, near Pine Flat, and at the Lost Ledge 
Mine, in California, retort furnaces were used.^ The fiimaccs at the* 
Missouri Mine contained either two or three cast-iron retorts 9 feet 
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6 inches long, 12*5 inches high and 19 mches broad These were 
charged with 2} cwt. to cwts. of ore, containing from 1 to 2 per cent, 
of mercury. In 24 hours, 10 cwts. to 1 ton of ore were treat^. The 
consumption of fuel per furnace was about 3| cords of wood per 
24 hours on the average. The gases and vapours were conveyed 
through an iAn pipe into iron boxes open below, which dipped into 
an iron tank filled with water. In this tank, which was 3 feet long, 
24 inches broad and 24 inches high, the mercury was condensed. The 
furnaces and condensing appliances at the I^st Ledge Mine were 
similar except that the retorts, of which there were three in a furnace, 
were smaller, being only 5 feet long and holding only 183 lbs. of 
ore. They were charged every 4 hours. In 24 hours such a furnace 
treated about 1 J tons of ore. 


’ Trmi8, Am, hut. Ahtg. Enyrf,, 1876| vol iii., p. 276. 
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The Extraction op Mercury by Heating Cinnabar with 
Lime or Iron in the Absence op Air 

This method of mercury extraction has the advantage that the 
vapours of that metal are obtained in a concentrated condition, and 
are therefore readily condensed. The first cost of the furnace and 
condensers required is also lower than of those needed for the 
extraction of mercury by heating cinnabtir in the air. On the other 
hand, the residues contain more mercuiy, so that the output is thus 
reduced and the process gives no bettiT results even w‘th the most 
careful work th^ can be obtained with th«^ other mefhod. The costs 
of working are very high, in consequence of the necessity for employ- 
ing fluxes and for previously cni^hing the ore, as also on account of 
the high consumption of fuel and the small output of the retorts. 
The costs of repairs are a]s<» high in consequeiice of the retorts be- 
coming rapidly destroyed. The gres+'^st disadvantage, however, may 
be considered to be the injaritms effect of the fumes of mercury upon 
the workmen. Generally speaking the proc^iss is unsuitable for poor 
ores, and for rich ores it is in no way cheaper than the other methods 
of treatment, whilst for hygienic reasons it cannot be recommended 
even for rich ores. It should therefore only be employed when 
small quantities of very rich ores or soot arc to be treated, and 
should be condemned for working rich ores upon a larger scale. The 
retorts in which the cinnabar is decomposed were first pear-shaped 
or bell-shaped, and were made of clay or cast-iron ; later cast-iron 
alone was employed, and the retorts received the shape of those 
employed in the distillation of coal-gas. The condensers, which were 
formerly made of clay at some works, arc now also made of cast-iron. 
The flux required for decomposing the cinnabar should as a rule be 
quicklime ; iron or hammer-slag have only been used exceptionally for 
decomposing the ore. Lime acts upon cinnabar at a red heat, as 
shown by the following equation : — 

4HgS + 4CaO = 3CaS + CaSO^ + 4Hg, 
the action of iron being as follows : — 

HgS -I- Fe = FeS + Hg. 

The process has been employed in Califorma, in Idiia, in the 
Rhenish Palatinate and in Bohemia, and is still in use at present at 
Littai in Camiola, and at Monte Amiata in Tuscany. It was given 
up in California on account of the above objections in the year 1860, 

V 2 
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and lErom that date up to 1860 was only used experimentally.^ It was 
used in Idria for soot and rich ores up to 1882. At Moschellandsberg, 
in the Rhine Palatinate, and at HdTzowitz, in Bohemia, it has been 
given up because the deposits found at those localities have been 
worked out. 

At the American Mine, Pine Flat, California * t)ros containing 
2 per cent, of meioury were heated in cast-iron retorts of the shape 
of gas retorts 9 feet in length, 2 feet in width and 18 inches in 
height, in charges of 150 lbs., with the addition of 10 per cent, of 
lime ; 500 lbs. of ore were put through in 12 hours. Even apart 
from the injurious effects upon the workpeople, the treatment of 
such poor ores in retorts must bt» condemned. 

At Landsberg, in the Bavarian Palatinate, pear-shaped retorts 
were at first employed ; they were 3 feet 3 inches in length, with 
a maximum diameter of 18 inches, and 40 to 60 of them were 
placed in 2 rows in a galley furnace. The condensers were pear- 
shaped vessels of clay 16 inches long and 9^ inches maximun> 
diameter, which contained a certain quantity of water. The 
charge consisted of 44 lbs. of rich ore, 44 lbs. of poor ore, and 
18 to 20 lbs. of burnt lime ; such a charge was treated in 
from 6 to 8 hours. One part by weight of mercury was obtained 
from 80 to 120 parts of ore according to the richiu'ss of the latter, 
with a consumption of 20 to 30 parts of coal. In 1847 Ure intro- 
duced retorts of the shape of ga.s-retorts. From these* retorts the 
vapours were passed through iron tubes into boxes half filled with 
water, in which the mercury was condensed. The tubes dipped for 

2 inches below the surface of the watei*. The charge of ore for a 
retort amounted to 5 cwts., and it was worki*d off in three hours. 

At Horzowitz, in Bohemia,® the ure was mixed with hammerslag 
and treated in bell-shaped vessels. The charge was 55 lbs. of ore and 
27 lbs. of hammerslag, which required 36 hours for their treatment. 

At Idria, in Camiola, a furnace was introduced by Exeli in 1869 
and worked up to 1 882 for the purpose of treating finely cnished ores 
and soot. This furnace,* the construction of which is shown in Figs. 
259 to 262, contained two cast-iron retorts, a, 7 feet 4 inches long, 2 feet 

3 inches broad, and 1 foot I inch high, which were closed at the back 
by means of a cast-iron cover coated with clay; & is the fire-grate. The 
vapours escaped through horizontal tubes 61 inches in diameter, into 
vertical tubes, r, of the same diameter and 5 feet in height, which 
were provided with discs for cleaning them out, and which opened 

^ Egleston, op, cif.^ p. 112. ® Egleston, 02 *. cit., p. 811. 

Kerl, Mttallurfjiet vol. ii., p. 811. ^ Idrianer Ftstwhrift ; Mitter, loc. cit. 
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into an inclined collecting tube, d, 9^ inches in diameter. The vertical 
condensing pipes and the collecting tube are contained in a wooden 
cooling box filled with water. The condensed mercury fiows through 
the inclined tube d, into the tube z, and from the latter into a closed 
receiver q, filled with water, from which the mercury is syphoned ofi* 
into the kettle p. The yncondensed gases pass through the middle 
tube y and the inclined tube rinto the dust chamber and the flue *, 8 is 





Fig m 


a vertical shoot through which the distillation residues can be dropped 
direct from the retorts into the vault k or into the waggons which 
are run into it. In these furnaces, fine ore with 10 per cent, of 
mercury, soot were treated. The material was mixed with lime 
in the proportion of 15 parts of caustic lime for every part of 
mercury contained in the ores, and then moulded into brdeks in a 
special press. These bricks were dried and chained into the retort, 
which held 108 bricks at a time, weighing altogether 300 lbs. This 
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charge was worked off in from 4 to 6 hours, according to the rich- 
ness of the ores. The consumption of fuel per 24 hours amounted 
to 63'5 cubic feet of wood and 794 lbs. of lignite. 

At littai, in Camiola, where the process is still in use, a furnace 
*veiy similar to the Idrian retort furnace is employed. Its construc- 
tion is shown in Figs. 263 to 266 ; ^ a are the cast-iron retorts, & is 
the grate, d are the tubes through which the vapour passes into the 
condensing tubes or into the inclined tube ; / is the cooling tank, 



% is the tube for carrying off the uncondensed gases into the tube 
and thence into the dust chamber A*. The ores contain on an average 
3 per cent, of mercury. They are crushed by rolls to 0’2 inch, and are 
charged into the retorts mixed with 5 or 6 per cent, of caustic lime, a 
retort taking a 2 cwt. charge, and the operation lasting 6 hours. In 
24 hours 16 cwts. of ore are treated. One hundred and seventy parts 
by weight of fuel are used for 230 parts of ore, the fuel consisting of 
80 per cent, duff and 20 per cent, pea coal. The loss of mercury 
is stated to amount to from 5 to 6 per cent. 

At the smelting works at Siele and Connacchino at Monte 
Ainiata,^ ores which are dressed up to 25 to 30 per cent, of mercury 

’ Balling, MetobUh-Uttenhmdet p. 602. 

- Aim, dea Miiiea, 1888, No. 4; Bii'g. nnd Hnlt, Zty,^ 1889, No, 10. 
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are heated in retorts with lime. The arrangement of the furnace, 
designed by Jaczinsky, is shown in Figs. 267 to 269 ; a, a are the cast- 
iron retorts which rest throughout their entire length upon a flue and 
are surrounded by the flame travelling in the direction shown by the 
arrows. To distribute the flame uniformly through the heating 



Fi(.. m 


Section on 6t-A. 


Section on 


& 


mi 


chamber, it is allowed to escape into the stack by means of three 
vertical flues, of which there is one above each retort. The mercuiy 
vapours escape through the cast-iron pipe <J, 4f inches in diameter, 
which is cooled with water, into a wooden box e fllled with water, the 
liquid mercury running into the cast-iron receiver/, from which it 
flows continuously by the pipe 2 - The uncondensed vapours escape 
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through the tube d into condensing chambers, in which there is a con- 
stant spray of water, and thence into the stack. The retorts hold 4 to 
5 cwts. of ore, and 88 lbs. of lime, the proportion of lime heviig 
increased in the case of pjmtic; ores. The temperature is raised v.p 



to bright redness, and the treatment of the charge takes 7 to 8 hours. 
A ton of wood is used per ton of ore. When the percentage of 
mercury in the ores amounts to 30 jMir cent., the total cost of 
producing 2’2 lbs. of mercury aiuouncs to 15 pence. 

The Products or Mercury Extraction 

The products of the process of mercury extraction are, in addition 
to mercury, mercurial soot, acid water and distillation residues. 
The mercury is often rendered impure by mechanical admixtures, to 
remove which it is squeezed through canvas or leather. Mercury is 
sent to the market from the larger works in bottles of wrought iron 
with screwed stoppers. Their weight when empty amounts to 12 to 
14 lbs. The flasks contain 76 lbs. of mercury in Europe and 76;5 
lbs. in California. In the smaller works mercury is also exported in 
bags made of two thicknesses of leather. 

Soot 

Soot {*'8tupp”), as already mentioned, consists of the deposit upon 
the walls of the condensers, which often forms in considerable quan- 
tities, consisting of a mixture of finely divided mercury, mercurial 
■compounds, carbonaceous soot produced by the distillation of the 
fuels, and the bituminous and other impurities of the ores. The 
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percentage of mercuiy in the soot may reach 80 per cent. The 
composition of various qualities of soot from various sources is shown 
in the following analyses ; — 


IDRIA. 

1 2 ^ 8 

Hg 312 14*59 0*92 

HgS 27*33 1*83 3*40 

HgjSOa . . . • 7*32 3*06 6*10 

According to Oser»‘ soot from the condensers of the Idrian 
(>mally fired furnaces contains : — 

percent 

Mercury removable by pressure 40*95 

Non-removable by pressure, and in the form of salts . . 9*15 

Sulphuric acid 1*39 

Mercuric sulphide 4*32 

Carbon 3*31 

Ashes 9*33 

Water 31*55 


The composition of soot from the condensers of the muffle furnaces 


of Patera, called by him rmrcui^y hladc, is shown in analysis No. 1 ; 
that of the flue soot from the flues leading to the stack and fol- 


lowing the condensers, is shown 

in analyses 2 by 

Patera, and 3 by 

Teuber : — 

1 

2 

3 

Mercury 

56'.30 

6*42 

3*12 

Mercunc sulphide 

0*70 

2*20 

M-IU 

Mercuric sulphate 

Mercurous chloride 

18*99 

13*07 

10*80 

2*20 

1*80 

— 

Sulphuric acid 

1*10 

4*80 

— 

Magnesia 

— 

1*10 

— 

lame 

0*76 

1*20 

— 

Ferric oxide and alumina . . 

trace 

U'80 

— 

Calcic suljphate 

1*04 

6*30 

— 

Basic ferno sulphate .... 

3*24 

0*40 

— 

Soot and tar 

3*39 

29*40 

24*80 

Water 

4*60 

26*50 

10*30 

Ore residues 

11*41 

3*80 

— 

Ferrous sulphate 

— 

— 

6*02 

Mamesic sulphate 

Some sulphate 



7*50 

1*24 

Ammonic sulphate 

— 

— 

0*54 

SiUca 

— 

— 

2*20 


The soot from the condensing chamber of the shaft furnace 
No. IX., collected in 1892, had the following composition : — ® 

Metallic mercury 65*04 = 65*04 Hg 


Mercuric sulphide 

... 6*97 * 

6-00 

Basic mercunc sulphate , . . 

... 0*20 a 

0'16 

Mercuric sulphate 

. . . 0*12 a 

0-08 

Mercuric chloride 

... 0*08 a 

0*06 

Merourous chloride 

. . . 0*05 a 

0*04 



71*38 per cent. Hg. 


^ Teuber, Oesterr, Zeitsch.^ ISTTip. 1285 IHngl,, voL 225, p. 214. 

• Dclh L k. Qwehilhe7^>ergioerk Jdria, Vienna, 1891. 

* Janda, Oetterr, Zeiturhr,, 1894, p. 268. 
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Alumina and ferrio oxide 
Ferrous sulphide . 

Lime . . .• 


Sulphur trioxide 
Ammonia \ 
Hydrocarbons/ * 

Soot 

Silica 


1*11 

0*94 

9*57 

0-4i) 

9*10 

2*19 

1*98 

1*90 


111 1892, samples of soot were taken at various places along the 
course which the gases and vapours traversed through fche funiac(> 
until they reached the stack delivering them into the atmosphere, 
and were examined for their contents of moisture and mercury. The 
results of the analyses are shown in the following table. In this 
No. 1 was taken fri>m the flue of the shaft furnace, Nos. 2 and 3 
fh)m the condensing chamber of the Czermak furnaces, Na 4 from 
the flue of one of the Czermak furnaces, Nos. 6 and 6 from the flue 
leading to the &n, and Nos. 7 and 8 from the main stack : — 


Niimbor 
of the 
Sainplo. 

Moiaturo 
per oeut. 

Feroeiitttge of Mercury hh | 

Sttltf. ^ diinabar. | Metal. 

Total 
Mercur> 
per ceut. j 

1 . . • . 

U-8 

o-ao 

18*83 

43*17 

62*20 

2. , . . 



3-04 

6*73 

22*01 

31*80 

3 . . • . 

86*8 

trace 

4*00 

18*00 

22*00 

4 , . . . 

40*2 

_ 

6*40 

21*80 

28*20 

5 , , . . 


0*16 

9*68 

8*76 

13*60 

6 . . • 


0*76 

9*24 

4*16 

14*15 

7 . . . . 

36*0 

o*tw 

13*76 

0*86 

15*30 

8. . . . 

66*9 

1 0*16 

1 9*33 

1 

8*49 

18-OU 


I 

1 


! 


The proportion of mercury respectively contained by the salts, 
cinnabar, and metal of the various samples was therefore distributed 


as follows : — 



Perceutafiru of the total Mercury present iu 

Number 
of the 
Haiuplo. 


the form of 


Salta. 

Cinnabar. 

Metal. 

1 • . • • • 

2 . . • . • 

0*32 

30*28 

69*40 

9*55 

21*23 

69*22 

3 • . • • • 1 

trace 

18*18 

81*81 



22*69 

77*30 

R 

1*17 

71*18 

27*65 

o • . • . • 

A 

5*30 

65*30 

29*40 

u • • • * • 

7 

4*51 j 

89*87 

5*62 

§»•••• 

8 • . . a • 

1-23 

71*92 

26*84 
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Soot from Almaden has the following composition : — ^ 


Mercui'y as metal . . . 

Soot from Clay 
condenaing tubes. 

Per cent. 

.... 66 

Boot from Iron 
condenMiig tubes. 
Per cent. 

44 

Mercurous chloride . . 

.... 18 

.33 

Mercuric sulphide . . 

.... 1 

6-3 

Ferrous sulphate . . . 

.... — 

23*6 

Aluininic sulphate . . 
Potassic sulpnate . . . 

.... — 

I 14-5 

Animonio sulphate . . 

! ! ’. ! 3 M 

— 

Calcic sulphate . . 

... 1- 

0-9 

Carbon 

.... 5 

4*8 

Sulphuric acid .... 

.... 2*5 

— 

Water 

.... 2-5 

— 


Th Treatment of l^oot 

Mercury is extracted from soot, firstly by •prtmng the latter, 
whereby a considerable portion of mercury is made to flow out, and 
secondly, by treating the residues thus obtained, cither together 
with ores or by themselves, in distillation furnaces. Soot is pressed 
either by hand or by machinery. To promote the removal of the 
mercury, lime or ashes are added to it. The best method of pressing 
soot consists in treating it in pans provided with stirrers or in 
cylinders, which, on a large scale, are driven by machinery. 

At Almaden,^ the soot is worked upon an inclined wooden surface 
with hoes until no more mercury flows oflF. The residues that are then 
left are moulded into bricks and treated with the ores. This rubbing 
up of soot in the above way was also carried on at Idria and in the 
Californian Works, but on account of its being injurious to the health 
of the workmen, has been given up for a considerable time. For 
example, at the Bedington Mine, in California,^ soot was treated in 
this way, the residues being heated in retorts with lime. At New 
Almaden the soot was first treated as above.^ As soon as no more 
mercury could be extracted in this way, lime was added and the 
rubbing continued, when another portion of mercury was obtained. 

At' Idria, the soot presses designed by Exeli are at present em- 
ployed. Their construction is shown in Figs. 270 and 271. They con- 
sist of iron cylinders with a V-shaped bottom. The diameter of the 
cylinder in the clear amounts to 4 feet, the height to 17 inches. 
Through the middle of the cylinder passes a vertical shaft to the 
upper end of which are attached 4 arms at right angles to each 
other, these arms being 11^ inches above the bottom of the ap- 

1 Btrtj, vnrl Hiut, Jahrh. der k. h. J^orUaidehransfalten, Vienna, 1870, p. 81. 

^ Ibid., vol. xxvii., p. 46. ^ Egleston, op. cit., p. 850. 

* Egleston, op. <**>., p. 8.S4. 
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{Miratus. To these aims are bolted knives z, 3 inches broad and 0*3 
to 0*4 inch thick. To the bottom of the apparatus, 7 or 8 vertical 
knives, o, of the same dimensions, are so attached, that when ihe 
arms revolve the movable knives z pass close to the fixed knives, and 
thus press the soot together and force it upwards. In the lowest 
portion of the apparatus there are 25 apertures of 0*4 inch 
diameter, through which the mercuiy flows away as fast as it is 
pressed out. These openings readily become stopped up and must 
be kept open during the operation by means of a stoyt wire. It is 
important that the bottom ends of the movable knives should touch 
the bottom of the apparatus, and when they are worn they should be 
immediately replaced by new ones, otherwise a layer of soot forms 
upon the bottom of the apparatus which stops up the holes through 



Fii. 270, 



Flo. ‘J71 


which the mercui^' should ('.scape. When the shaft is set in motion 
the mercury is squeezc-nl out from the soot mixed with lime, and 
collects in the lowest portion of the bottom, whence it runs through 
the above-named openings into the receiver y standing beneath it. 
The soot residues aic also collected in a box placed beneath the 
apparatus. The weight of a charge of soot depends upon the amount 
of mercury and of moisture contained in it, and vanes between 44 
•md 110 lbs The quantity of lime to be added depends upon the 
Lame conditions. More must be added to soot rich in mercuiy than 
to poor soot, the amount varying between 17 and 30 per cent, of the 
weight of the soot ; the lime is not added all at once, but in sm^l 
qnmitities during the course of the operation. The speed of revolu- 
tion is at first low, and rises gradually from 12 to 40 revolutmns per 
minute After 20 minutes the knives ought to commence to lift the 
soot from the bottom of the apparatus and to throw it up. Generally 
speaking, the soot is sufficiently well pressed when the readues begm 
to agglomemto into pellets. The time requir^ for pre^g depends 
uporthe richness of the soot. In the of nch r^tenal it lasts 
frem IJto n hours. By this opei-ation from 70 to 80 per cent, of 
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the mercury contained in the soot is separated, the remainder of the 
mercury, which amounts on the average to 14 to 20 per cent, of the 
weight of the residues, being obtained by distilling these residues 
together with ores. A sample of pressed soot from shaft- furnace 
No. VIII., taken in December, 1892, contained : — ^ 

Per cent. 

Mercury in combinations soluble in hydro- 


chloric acid 0*17 

Mercury as cinnabar 2 ‘90 

Metallic mercury 14*98 


Total . . . 1811 

At New Almaden, the soot was treated from 1878 to 1887^ in hemi- 
spherical cast-iron pans 86 inches in diameter, for three-quarters of an 
hour, by constant stirring with boilingwator and wood ashes. The quan- 
tity of the latter amounted to half of the volume of the soot. The 
quicksilver that separated out was drawn off by means of a syphon 
through the bottom of the pan. The residues were dried and treated 
togc'ther with the ores in distillation furnaces. 

A cast-iron pan was also em])loye<l at the Manhattan Works. 
Above the pan, of a capacity of 120 gallons, a vertical shaft was 
carried by a wooden frame. To the bottom end of the former, 
horizontal wooden anns were attached cairying iron tines. Th(' 
soot was mixed with ashes and lime, and the mass was stirred 
for 20 minutes, at the end of which time all the mercury that 
could thus be removed had been extracted, and the mass was 
completely dry. The mercury was drawn off by means of a pipe 
at the bottom of the pan and the residues were distilled in re- 
torts. At present, at New Almaden, wet and semi-fluid ® soot is 
stiffened by mixing with half its volume' of wood ashes upon a 
rectangular asphalted floor, 20 feet long and 9 feet broad, which is 
hollowed and at the same time inclined to one of its shorter sides ; a 
paste is thus obtained which is transferred in buckets to the press, 
consisting of a cast-iron pan of 40 inches diameter at its upper wider 
end. In it there stands a vertical shaft with 4 plough-shaped 
stirrers. The mass is stirred for 1^ hours, the stirrers making 40 
revolutions per minute, at the end of which time no more mercury 
flows out. The mercury is drawn off by means of a s 3 rphon at the 
bottom of the pan. The residues are drawn off into a box standing below 
the pan, through a larger opening in the bottom of the pan, which is 

1 Janda, qp. rtV., p. 209. * Egleston, op. rit., p. 884. 

* Egleston, qp. ciV.,p. 882. 
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kept closed during the course of the operation by means of a valve. 
14 per cent, of the mercury contained in the soot remains in the 
residues, which are treated by distillation ; it is impossible to rehiovc 
the whole of the mercury from the soot by pressing alone. 

The residues contain, according to the method of pressing em- 
ployed, variable quantities up to 40 per cent, of morcuiy. For example 
in Idria^ the residues obtained by pressing in the years 1890 to 1892 
contained 14*89 per cent, of the entire output of mercury. In order 
to extract this mercury from thi‘ residues, the latter' must tht*refore 
be subjected to a further treatment. This consists in distilling the 
r(‘sidues in the same way as the ores in the variims furnaces used for 
ore treatment, as a general rule mixed wilh ore, and more rarely by 
th(*mselves. At Almadcn, the soot residues are m(»ulded into bricks, 
and are treated with the ores. At Idria, the n'sidues were treated 
for a while in retort furnaces ; now, however, they arc distilled with 
the ores in shaft and reverberatory furnaces. When soot residues 
wore distilled in retort furnaces, a n^siiious substance, known as “ soot 
fat ” {stupp fdt\ condensed in the receivers ; it consisted chiefly »>f 
hydrocarbons mixed with only small quantities of mineral substanci s. 
According to G. Goldschmidt and M. von Schmidt, 32 kilos of stnpp 
fett only contained 150 grammes of mineral matter, which latter 
contained 70*36 per cent, of mercury, partly as metal, partly in com- 
bination with sulphur together with iron, manganese, alumina, lime 
and magnesia. Since the use of muffle furnaces has 1x*en discon- 
tinued in the 'year 1892, no more of this stnpp fett has been produced. 
For treatment in shaft furnaces at Idria, the soot from the condensing 
chambers of the flues, together with the residues of the furnace soot, 
were mixed with ground clay, pressed, and moulded into lumps, 
which were treated together with poor coarse ore. The coal used was 
mixed with a certain quantity of coke. Further quantities of resi- 
dues were treated in the Czermak furnaces and in the reverberatory 
furnaces, together with the ores suitable for treatment in these 
furnaces. In California the residues are worked either by them- 
selves in retorts or together with the ores in the furnaces suitable to 
the various grades. In New Almaden,in the year 1888, 18 per cent, 
of the total mercury production was obtained from soot. Recently 
at Idria, of the total production of mercury, including a loss of 9 per 
cent., 56 per cent, was obtained by pressing the soot and 15 percent, 
by distillation of the soot residues. 

The add vmJter from the cemdensers contains sulphuric and sul- 
phurous acids, sulphates of iron, mercury, calcium and ammonia, 

^ Mitter, lec. di. 
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hydjvooarbons,and in some cases sipnall quantities of hydrochloric acid 
and floured mercury. According to Janda,^ the acid water condensed 
in the year 1892 at Idria in the condenser of shaft furnace No. X. 


had the following composition : — 

Per cent. 

HgjjO 0-33 

FeO 14*38 

CaO 0*50 

SOj 11*01 

SOg 1-97 

NHj 0*61 

HCl 0*06 

Condensible hydrocarbons, including the 

acetic acid scries 22*12 

Water and undetermined 48*12 


The specific gravity of this water was 1*65 at 15° C. If the acid 
water contains floured mercury, as is, for instance, the case at New 
Almadcn, it is freed from it by filtration through charcoal. The 
water runs off clear, leaving a black slime upon the filter. The 
latter is dried and is then distilled, together with the ores. 

Distillation Bmduts, When the operation is carried on properly^ 
the residues are so poor in mercuiy that they can be thrown away. 
For example, the residues from the Idrian shaft furnaces contained 
in 1877* 0*002 per cent, of mercury, and those from the rever- 
beratory furnaces* contained 0*006 per cent, in 1877, 0*0001 per 
cent, in 1879, and in 1892 only traces of mercury. 

The General Arrangement of a Mercwi'y Worhs 

As an example of the general arrangement of a quicksilver works 
with modem furnaces, condensers and fan, the plant at Idria may be 
described. The ores there average upon the whole 0*5 to 0*8 per 
cent, of mercury. The ores were formerly divided into slimee, fine 
ore, coarser ore and lump ore, but now the 4 following divisions are 
made : — 

1. Beichoi* JSi'zgries,—** Rich small ore ” with about 6 per cent, of 
mercury. This is divided into 2 classes: (1) of 0*16 to 0*32 inch 
mesh, and (2) below 0*16 inch. Both grades ore again subdivided 
into thoNc containing more than 10 per cent'and those containing 
less than 10 per cent* of mercuiy. 

’ Oeftterr, Zeiiwhr,, 1894, p. 270. • Idrianer Fe9t9€hrift. 

* Idrianer Feeiechrifi, 
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2. Armer Erz^ntH — ‘ Poor small ore of first quality/* 
•coutaining 0*7 per cent, of mercury and less than 0*8 inch in sise. 

3. Armer Erzgries s&mnda , — Poor small ore of second quality/ 
•coiitaining 0*4 per cent, of mercury and 0*8 to 1*2 inch in size. 

4. Amm Erzgrdb , — Poor coarse ore/* containing 0*3 per cent, oi 
mercury, and 1*2 to 4 inches in size . 

The complete analyses of the various grades of ore were as follows 
in the year 1881 : — ' 



sUmM. 

Flue ore 

Ccwtree Ore 


Per oent. 

Per ceut 

Per oent. 

Mercuric sulphide . 
Mercurous chloride .... 

0*62 

trace 

1-26 

trace 

8*68 

0*22 

Basic mercuric sulphate . 



trace 

Ferrous carbonate . . 

0-76 

317 

4*27 

Calcic carbonate 

96-70 

27*21 

U-71 

Calcic sulphate 

0*68 

1*46 

2*42 

Magnesio carbonate . , 

VI 

20*33 

4*20 

Magnesic sulphate . ... 

Iron bi-sulphlde . . 

0*65 

Ml 

444 < 

4*31 

600 

Alumina ... 

1*04 

1*61 

1*30 

Phosphoric acid . . . 

1 

1 

trace 

Alnminic silicate . 

16*48 

22-73 

16-82 

Ferrous silicate . 


trace 

20*18 

Silica . . . 

, iflis 

1 16-48 

17*64 

Bitumen . . 

1*08 

1-63 

1 8-97 

Water and loss . . . 



0-40 


The composition in 1892 * was the following : — 



Rich Small Ore. 

Poor BmsU Ore. 

Poor Coarse Ore.j 


Per cent. 

Per cent. 

Per cent 

HffS . . 

6-74 

0-95 

0*38 

FS|l . 

9-40 

11*64 

4*45 

FeCO« . 

2-62 

6*66 

4-76 

GaCO, 

26*18 

37-18 

34*86 ' 


16*60 

1*05 

10*24 

2*08 

24*02 

0*79 

MgSO. 

0a|P|0( 

0*44 

0*74 

0*32 1 

0*76 

0*41 

0-32 

(amorphous) 

2-60 

30*04 

4*80 

31*77 

3*68 

28*82 

Bitumen . * * - I 

Organic matter and water of 

0-07 

0*70 

0*68 , 

1 1 

oiystallisation 

2*68 

2*03 

1*17 

Cl 

distinct trace 


- 1 


The ores are treated by heating them with access of air in the 
furnaces already described. The rich small ore is treated in the 
Czennak furnace, tiic poor small ore of first quality in Czermak 

' Idrianer Festtehrift, Vimila, 1S81. * Janda, OuCarr. Mtachr,^ 18M, p. 267. 
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fumaces and long-bedded calciners^ the poor amall ore of second 
quality and the poor coarse ore in shaft furnaces. The works contain 
3 Czermak furnaces, 8 long-bedded calciners, and 9 shaft furnaces. 
The practical results obtained, which have already been set forth 
under the heads of the various individual furnaces, together with 
the annual mercury production of the furnaces, is shown in the 
following table of the results obtained in the year 1892 : — 

Amount 
treated 
per day 
Iier fur- 
nace 


Novak shaft fur- Poor coarse ore Tmia. 

naces and soot .... 12*15 

Czennak furnace. Poor and rich small 

No. 1 ore and soot . . 22*46 

Czennak furnaces, Poor small ore and 

Nos. 2 and 3 , soot 26*75 

Calciners, Nos. 1 Poor small ore and 

to 6 soot ... 6*6 

Calciners, Nos. 7 Residues from old 
amis. . . . Leopold! fur- 

, naces and soot . 6*85 


The temperature at which the gases and vapours escape from the 
various furnaces ^ are, upon the average : — 

Long-bedded calciners .... 341’ 

Czermak furnaces 353' 

Shaft furnaces 226' to 233” C. 

In Fig. 272 a general ground plan of the works is given, showing 
the connection of the furnaces with the condensers, the mode of 
communication of the various condensers with the underground 
central condensing chambers and the connection of the latter with 
the fans. The draught was first produced by a stack alone aud then 
by means of a furnace connected with the stack, but recently fans 
have been employed for this purpose. They are found to have an 
especially good effect upon the general mode of working, the health 
of the men engaged, and the diminution of the losses of mercury. 
There are two fans, one of which is in reserve. The fans were first 
made of cast iron, then of varnished sheet iron, and finally of sheet 
brass. All these materials have, however, at present been replaced 
by others, the disc of the fan now consisting of brass, whilst th4 vanes 

> Janda, Outtrr, Zt^Khr,^ 1804, p. 296. 
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arc made of sheet copper ; the diameter of the fan is 8 feet and its 




s 

ft* 


speed is between 180 and 280 revolations per minute, producing a 
normal depression of 0*7 inch water gauge. The oubicaljp||tents 

IS 
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of the various condensers and flues is shown in the following 
table : — 


Volume of CoodoiiMiii. 


i 

ChamlMsrs. ' 

1 Fluhs. 

Total 


culiic feet. 

luhlo feet. I 

1 ciibir feet. 

Hhaft furnaces 

33,568 

6,569 

40,137 

Czennak fumacen 

1 35,916 

, 2,013 

37,929 

Calciners 1 to 6 . 

' 50,148 

* 706 

50,854 

Calciners 7 and 8 . . . 

3,885 

1 742 

4,627 


To these must be added the space common to all the furnaces, 
viz. ; — 


Underground central chanibere . 
Flues oonneotmg the calciners and 
Czermak furnaces above ground 
Flue from the central chan^r to the 
fan . . 

Flue from the fan to the stack . 


I 


Chaml)ore. 

FIuor. 

lutal. 

cubic feet. 

cubic feet. 

cubic feet. 

63,285 


63,285 


20,236 

20,236 

_ 

4,944 

4,944 

- 

18,576 

18,576 


Tho total contents of the condensing appliances therefore amount 
to 

Chambers 186,802 cubic feet 

Flues 53,786 „ 

Total .... 240,588 „ 

The gases and vapours from the shaft furnaces enter the conden- 
ser at a temperature of 114^ G., and leave it at 15** C. ; those from the 
Czermak furnaces enter with a temperature of 'lOO** to 180** C., and 
escape at 21” to 30** C. ; those from the calciners enter at 174” G. and 
escape at 25” C. According to Hitter, the average of the mercury 
extracted in the years 1890 to 1892 was obtained 

Per cent. 


From the condensers and from pressing the soot . . 74*64 

From the residues of the soot 14*89 

From the soot collected in the more remote flues 

and chambers 5*22 

of mercury 8*25 
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According to recent communications from Mitter in Idria the 
extraction of mercury is at {JreUhnt distributed as follows : — 

Per cent 

No. 1. Metallic mercury taken direct from the con- 


densers 20 

No, 2. Obtained by pressing the soot 56 

No. 3. Obtained by treatment of the soot residues 

j[abaut) 15 

Loss of mercaiy „ 9 


NUdtofioka, Su8$ia ' 

These works were started on a working scale in 1886 to treat 
cinnabar ores from the Carboniferous formation. These ores contain 
on the average 0*6 per cent, of mercury. They are broken in rock 
breakers and dropped on to a picking belt, on which about 16 per 
cent, of barren rook is picked out. Lump ores in sizes up to that of 
twice a man’s list are treated in barrel-ishapod furnaces of 16 feet 
6 inches in height and 11 feet 6 inches in diameter in the widest 
part, the ore being mixed with coal. The condensing appliances 
consist of Y-shaped pipes made of cast iron lined with cement. Th(‘ 
small ore and the dust from the dressing works, which is rich in 
mercury, together with the soot residues, are treated in furnaces 
similar to the already described Idrian Czermak frimaces, 4 of which 
form one block. The condensers are similar to those already de- 
scribed. The soot is treated in rotating barrels with lime, whereby 
the greater portion of its mercury is extracted. The output of 
mercury from the ores is given as 0*563 per cent., the loss of mercury 
during treatment at 12 per cent. The output of mercury in the year 
1891 amounted to 291^ tons.^ 

The Extraction op Mercury from Mercurial Fahlores 

Mercury is obtained as a bye-product during the calcination of 
mercurial fahlores. The author has seen mercury obtained in this 
way at the Stefan Works, near Qbllntz, in Upper Hungary. Anti- 
monial fahlore, containing 30 to 39 per cent, of copper, 25 to 83 per 
cent, of antimony, 0*10 to 0*12 per cent, of silver, and 0*52 to 17 per 
cent, of mercury, with an average content of 1*63 per cent, of mercury, 
is there treated in circular stalls, 28 feet in diameter anci 6 feet 

^ Ruman Mining Journal {Oomi Journal), 1891, Ko. 20. 

* Erast, Die mineraliochen BodtnacMtzt deo Doneix-Oebieteo, Hanover, 1893» 
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which arc covered over. Theee stalbi thil^ low^ 
{KMliion of which is provided with Aaught-holes for the adfuteion 
of air, contaio 67 to 70 tons of ore. The ores are piled upon a 
bed of cord-wood ; layers of wood are also introduced between the 
ores in such a way that spaces are produced, which become filled 
with charcoal, and, after the latter is burned, serve as air flues. 
During the calcination of the ore, the mercury is evolved in the 
metallic state and is condensed in the topmost layers of ore. When 
the latter, in the course of continued calcination, get heated, fresh 
ort* is piled on, into which the mercury is then driven, and where it 
condenses. After the completion of the calcination, which lasts .S 
to 4 weeks, the upper layers of ore are taken off and washc*d in tyes 
for th(‘ (extraction of the mercury. The mercury obtaincMl is distilled 
in iron retorts and then packed in sheepskin bags. The residues 
from washing and from distillation are treattsi for copjier and silver. 
With such a process the Joss of mercury by the escape of mercuiy 
into the air, the sides and the floor of the stalls is unavoidable 

Extkactjon of Mercury from Metallurgical Products 

The chief metallurgical products containing mercury are soot 
iind the amalgams obtained in the courae of gold and silver extnic- 
bion. The process of soot treatment has already been described. 
The extraction of mercury from gold and silver amalgams when those 
metals are obtained by amalgamation, has been fully considered in 
\rolume I., pages 703 and 802. Mercury is also obtained in small 
quantities from the flue-dust resulting from the calcination of blende 
rich in mercury, as also from the slimes of the lead chambers, in 
which the sulphur dioxide evolved on calcining these blendes is 
converted into sulphuric acid. The Swedish blende calcined at 
Oberhausen contains 0*2 per cent, of morCuiy according to Beilin- 
grodt.^ The flue-dust which is deposited during the calcination in 
the dust chambers nearest the calcining furnace contains 67 per 
cent, of mercury, the slimes of the load chambers into which tht‘ 
products of calcination are conducted 4 per cent, of mercury. Both 
these bye-products are treated for the mercury they contain. The 
mode of treatment is not mentioned, but it is pix)bably by 
distillation. 

The ExTRAcriTON of Meucury in the Wet Way 

The extraction of mercuiy in the wet way has been repeatedly 
proposed, but has not yet been introduced, nor is there any prospect 
1 Chem . Zig.y 1886, No. 68. 
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of it 0 introduction. Sicveking^ to MM ocoi oont^imng 

oinnabar with a solution of cuprous in sitlt hs the presence 

of a granulated alloy of copper and zinc in revolviilg barreda Cinnabar 
is thereby decomposed with the liberation of mercury and the 
formation of cupric sulphide and cupric chloride^ as shown by the 
•equation : — 

Cu2Cl>HgS«Curij,+CuS+Hg. 

Metallic mercury amalgainat<«s with the copper*zinc alloy, and con 
be removed frjm the latter by distillation. This process does not 
seem to have been satisfactory the use of cupnc chloride was found 
to be equally unsatisfactory Alkaline sulphides containing caustic 
alka\ics (see page 253) also gave unfax ourable results, Holutions of 
bromme m water and of bromiiw in concentrated hydroehloiic acid, 
which hod been proposed by R. Wagner,* have not come into us(». 
Mercuiy can bo extracted fri*m substances containing mercurous 
chloride by solutions of hyposulphit<*«. 


The Electrolytic Extinction of Mercury 


No attempts have yet been made to extract mercury el(*ctroly- 
tically. In view of the simplicity of the other methexis of mercury 
<'xtraction, it is doubtful whether the electrolytic method, admitting 
even its possibility in the case of poor ores, would prove more advan- 
tageous than the dry method, in spite of the losses in the latter. It 
must, however, be admitted that cinnabar is readily soluble in solu- 
tions of alkaline sulphides containing caustic alkalies, and that the 
electrolysis of the solutions of mercury sulphide and oxide thus 
obtained should offer no difficulties, and would not require any very 
high electric tension. 

According to Brand,* cinnabar is said to be readily decomposed 
at the anode of an electric circuit, whilst mercury is thrown down 
at the cathode, a solution of common salt or dilute hydrochloric acid 
being employed as a bath. The tension in the bath is said to 
amount to 1 volt. The power to extract 1 kilogramme of mercury 
in this way would accordingly amount to 


1 volt X 266*5 ampferes 
“ 6^WaSte X 0-75 


0*54 horse-power per hour, 


since 266;5 amperes can deposit 1 kilogramme of mercury per hour, 

* Ouierr, ZeitBchr,, 1876, No. 2; Berg, und Huit Ztg,^ 1876, p. 169. 

» Dingier, voL 218, p. 254 ; Chem, Centralblatt, 1878, p. 711. 

* Dammer, Chem. Teihnologie, vol. ii., p. 41. 
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and since one horse-powor, assuming 12 per cent, of loss in conver- 
sion, would yield not 735, but 650 Watts, and since the loss of current 
by conversion into heat, by short-circuiting, &c., amounts to 25 per 
cent. As 2 kilogrammes of coal would be required per horse-power 
per hour, the coal consumption per kilogramme of mercury would 
come out at 1‘08 kilogrammes. With the most modem steam 
engines, the loss of power in the conversion of mechanical work into 
electrical energy amounts to 9 per cent., and in the djTiamo to 6 per 
cent., making a total of 15 per cent., whilst the loss of current in the 
conductors may be taken as 10 per cent., and the consumption of 
coal in the best steam engines amounts to 1 to 1*5 kilogrammes per 
horse-power per hour. Under these circumstances the extraction of 
meicury in the above manner would seem to be not altogether 
without hopeful possibilities. 

THE MANUFACTURE OF ARTIFICIAL CINNARAR 

At many works a portion of the inercunr* extracted is converted 
into artificial cinnabar, as, for instance, in Camiola. A short 
account of the preparation of cinnabar at this place, as far as it is 
not kept secret, will accordingly be given. Artificial cinnabar can be 
produced both in the dry and wot way. In the dry way the sulphur 
is combined directly with mercury. For the production of cinnabar 
in the wet way metallic mercury or compounds of im^rcury, together 
with sul])hur, are treated with solutions of caustic soda or potash, 
with potassic or sodic polysulphides, with ammonic sulphide or with 
sodic hyposulphite at suitable temperatures. Processes for the pro- 
duction of cinnabar in the wet way have, for example, been devised 
by Kirchhoflf, Brunner, Fimienich, Liebig, Martens, Fleck, Qauticr- 
Bouchard, Hansamann, and Jean Maire. At Idria cinnabar has been 
produced in the dry way for a long time. Since 1880 it has also 
been inanufiictured in the wet way successfully*; nothing, however, 
can be said about the latter process, as it is kept secret. 

Cinnabar is produced in the dry way at Idria by mixing 
together mercuiy and sulphur in revolving barrels, heating the 
mixture produced in iron retorts so as to complete the combination 
of sulphur with mercuiy, volatilising the excess of sulphur, and 
finally subliming the cinnabar thus formed, which is then ground 
9 nd refined by being boiled with a solution of potash. The first 
operation, or the mixing of sulphur and mercury, is known as amal- 
gamation or the preparation of the moor. The second operatioUi or 
heating the mixture in retorts, is known as subliming the moor, or 
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the production of lump cinnabar. The third operation, grinding the 
lump cinnabar ; and the last, the refining of cinnabar. The first 
operation consists in mixing pounded sulphur which is passed 
through a sieve of j inch mesh, with meroury in small horiaontal 
rotating casks made of elm, with internal projecting ridges. 16 parts 
of sulphur are added to 84 parts of mercury ; thr^ chai*ge for a barrel 
amounts to 55 lbs. The barrels make 60 revolutions per minute, 30 
to the right and 30 to the left. After 2 or 3 hours* treatment, the 
black mass thus produced, known as the crude mom; is removed 
from the barrels and submitted to the second operation. The second 
operation, ar sublimation, is perfonnefl in cast-iron or pear-shaped 
retorts, each of which holds 114 lbs. of moor. There are six of 
these retorts in a reverberatory furnace heated with wood. Three 
stages arc distinguished in this o 2 >oration, vii, abdatnfen ('* boiling 
off**), stilcken (“forming lumps**), and wWmirrtt (“ sublimation **). 
In the first stage the combination of sulphur and mercury is com- 
pleted ; the retorts are covered witii hoods of sheet iron, the necks 
of which point upwards and project from the an;h of the furnace. 
The heat is raised slowly, and in fifteen minuti^s after firing has 
commenced the combination of sulphur and mercury is effected with 
a violent detonation, whilst a flame is projected from the retort. At 
the commencement of the second stage, which now follows, the sheet- 
iron hoods are replaced by hoods of clay, and the fire is gradually 
mised for 2J hours, during which time the excess of sulphur is vola- 
tilistdd. At the commencement of the third stage, condensers are 
attached to the hoods, which arc also made of clay, and the fire is 
mised until the oinnabar sublimes. That known as lump cinnabar 
deposits first in the cooler portions of the condensers and afterwards 
in the hoods, this sublimation lasting about 4 hours. It is complete 
when flames of burning sulphur are visible from time to time about 
the hood and condenser. The latter are now removed, and after the 
greater portion of the cinnabar has been extracted from them they 
are broken into pieces and the fragments are carefully cleaned from 
any cinnabar that may adhere to them. Lump cinnabar and scrapings 
are thus obtained, the latter being added during the next sublima- 
tion. Of the lump cinnabar 70 per cent, is obtained from the hoods, 
26 per cent, from the first, and 5 per cent, from the second condenser. 
The lump cinnabar is ground under water to prevent any loss of dust, 
and to obtain it in the form of as uniform a powder as possible. The 
mill consists of a fixed stone and a horizontal stone runner, the latter 
revolving in a wooden casing at the rate of 40 revolutions per minute. 
The ground cinnabar, known as vermilion, flows from a spout into a 
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clay vessel placed beneath it. If a lighter shade of cinnabar is re- 
quired, it must be ground repeatedly, up to five times. At each 
benh grinding the distance between the grindstones is decreased. 
Three grades of vermilion are made, viz., bright red, dark, and 
Chinese vermilion. To improve its colour, vermilion is subjected 
to what is known as refining. This consists in boiling the vermilion 
with a solution of potash of 10® to 13° B, in cast-iron kettles. The 
charge for each consists of 2 cwt. of vermilion and 48 to 50 lbs. of 
lye. The boiling lasts for tem minutes. At the end of tUs time 
the vermilion is allowed to settle, and it is then ladled into tanks. 
The lye that is left in the kettle is used to treat two charges more. 
The vermilion is repeatedly washer! with hot water in the tanks, and 
then freed from excessive water by filtering through canvas. It is 
finally drii‘d in clay pans at a temperature of 62° to 88' C. Tho diy 
vermilion is crushed under woodtm hand-rolls, and is then sent into 
the market packed in sh(>opskins or in bags. The production of 
cinnabar in the wet way, as already mentioned is kept secret. 
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Physical Properties 

Bismuth has a chaiuct eristic reddish- white colour and high 
lustre. It crystallises in the he.xagonal system in obtuse rhombo- 
hedra with an angle of 87® 40', which have the appearance of cubes. 
Its fracture is coarsely ciystalline. Its hardness is low, between 
2 and 2*5, and it is so brittle that it can be pounderl. Molten 
bismuth expands on solidifying by 2*35 per cent. According to 
Koberts, the specific gravity of solid bismuth is 9*82, of fluid bismuth 
10’065. The melting point of bismuth is given by Rudberg and 
Rieinsdijk as 268*3® C. ; by Person as 270*5® C. Ledebur found that 
commercial bismuth melts at 260'’C. Accoiriing to Classen pure 
bismuth produced by electrolysis melts at 264® C. At a high tem- 
perature molten bismuth volatilises ; its boiling j)oint has not been 
exactly detennined, but according to Camelly it lies between 1,090® 
and 1 ,450® C. Bismuth has the lowest thermal conductivity of any 
of the metals ; it amounts to 18 compared to that of silver takeji as 
1,000. Regnault gives the specific heat of bismuth between 0® and 
100® C. as 0*0308. The linear expansion of bismuth by heat between 

0® and 100® C. amounts to 0*001341 =a of its length at 0®C., 

according to Calvert and Johnson. The electric conductivity of bis- 
muth is 1*19 at 13*8® C. according to Matthiesen, that of silver at 0® 
being taken os 100. Bismuth is the most strongly diamagnetic ot 
all bodies. 

Commercial bismuth is generally rendered impure by an admix- 
ture of foreign bodies, chiefly silver, lead, copper, arsenic, iron, nickel, 
cobalt and sulphur, at times also thallium and tellurium, which 
affect the above-named physical characteristics. When impure 
bismuth is melted and allowed to solidify, in the act of solidification 
numerous globules of pure bismuth, or in the case of the presence of 
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lead and silver, of bismuth alloyed with these metals, are extruded. 
Pure bismuth does not show this phenomenon. It depends upon 
the fact that the alloys of bismuth with bodies other than lead and 
silver expand on solidification, and therefore expel the bismuth, or 
the alloys of bismuth with lead and silver, which will still be fluid, 
on account of their low melting point. This phenomenon must be 
borne in mind in taking samples of bismuth. 

The Chemical Properties of Bismuth and its Compounds 
THAT ARE OF IMPORTANCE IN ITS EXTRACTION 

Bismuth is not affected in the air at ordinary temperatures. 
Heated in the air, it is covered shortly before melting with a grayish- 
black coating of bismuthous oxide ; if the heating is continued up 
to redness, a film of bismuthic oxide forms, which is yellow or green 
in the case of pure bismuth, but has a violet or blue colour if the 
metal is impure. At bright redness it bums with a bluish flame 
to bismuthic oxide, which appears in the form of a yellow smoke. 
Water free from air does not affect bismuth at ordinary temperatures ; 
when containing air it affects it slowly, converting it into a basic 
carbonate. Water vapour is decomposed by bismuth only at a white 
heat, and then but slowly. Bismuth combines directly with chlorine, 
bromine and iodine. Nitric acid and aqua regia dissolve bismuth 
readily. Dilute sulphuric acid and cold sulphuric acid do not attack 
it ; it is, however, dissolved by hot concentrated sulphuric acid with 
the formation of bismuthic sulphate and the evolution of sulphur 
dioxide. Dilute hydrochloric acid does not attack it ; hot concen- 
trated acid dissolves it, but with difficulty. Bismuth is precipitated 
as metal from solutions of its salts by metals of the alkalies and 
the alkaline earths, zinc, manganese, iron, nickel, cadmium, copper, 
tin and lead. 


(hidea of Bismuth 

Bismuth forms four compounds with oxygen, viz., bismuthous 
oxide (BigOj), bismuthic oxide (BigOj), bismuth tetroxide (BijO^), 
and bismuthic anhydride (Bi^O^). Bismuthous oxide (Bi^Oj) is 
obtained in the form of a brown precipitate when a mixture of 
solutions of bismuthic and stannous chlorides is poured into dilute 
solution of caustic potash. When dried and heated in the air it 
bums to bismuthic oxide. Bismuthous oxide is produced in the dry 
way as a grayish black powder when metallic bismuth is heated in 
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the air to near its melting^ point. In moist air it becomes more 
highly oxidised, and when heated in the air is transformed into 
yellow bismuthic oxide. Bismuthic oxide is obtained by oxidising 
the metal at a red heat, by heating bismuthic nitrate or carbonate, 
as also by precipitating bismuthic hydrate from a solution of the 
nitrate by a solution of potash or soda, and heating the solution to 
boiling. Bismuthic oxide is a yellow powder soluble m nitric, hydro- 
chloric and sulphuric acids. It melts at a red heat to a reddish 
brown fluid, which solidifies to a yellow crystalline masts. Bismuthic 
oxide shares this property of fusibility with lead oxide. Bismuth 
can therefore be cupelled off from silver in the same way as lead. 
As, however, bismuth is more difficultly oxidisable than lea^l, the 
lead may be partly cupelled off from bismuth; on the other hand, 
bismuthic oxide is much more readily reduced to metal than lead 
•oxide, so that molten bismuthic oxide sjreduced to the metallic state 
by lead. Bismuthic oxide is redaced.to bismuth on a large scale by 
means of carbon. This oxide shows in its chemical affinities great 
similarity with the corresponding oxide of antimony. It has but 
little affinity for acids ; its salts are decomposed by the addition of a 
large volume of water, with the formation of basic salts. Bismuth 
tetroxide (Bi204) corresponds with antimony tetroxide, and may be 
looked upon as bismuthic bismuthate (BiOBiOg). It is obtained by 
melting bismuthic oxide with caustic potash in the air, by igniting 
bismuthic oxide, caustic potash and chlorate of potash in a silver 
crucible, as also by treating bismuthic oxide suspended in water with 
caustic potash and chlorine until the mass assumes a yellowish red 
• colour. If chlorine is passed for a further period into the solution, 
compounds of the alkaline bismuthate with bismuthic acid form. By 
digestion in dilute nitric acid and washing, bismuthic acid (HBiOg) 
can be separated. Bismuthic anhydride is obtained by 

heating bismuthic acid to 130** C. If heated still further, bismuthic 
anhydride evolves oxygen. It is also decomposed by sulphuric acid 
. and hydrochloric acid, with the evolution of oxygen or chlorine. 

Chlorides of Bismuth 

Bismuth forms two compounds with chlorine, viz., bismuthous 
chloride (BigCl4) and bismuthic chloride (BiClg). Bismuthous chlo- 
ride is obtained by heating pulverised bismuth with mercurous 
cbloride, or by melting bismuthic chloride and bismuth together. It 
forms a black substance which attracts moisture from the air, and is 
decomposed by water and by dilute mineral acids. When heated 
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more strongly, it is decomposed into volatile bismuthic chloride and 
bismuth. 

Bismuthic chloride (BiClj^) is obtained by heating bismuth in 
chlorine gas, by heating pulverised bismuth with mercuric chloride, 
and by dissolving bismuthic oxide in hydrochloric acid. It fonns 
a white mass, deliquescent in air, which is volatile at 427 ° to 
439 “ C. It is decomposed by water, and if a sufficient quantity of 
water is employed, the whole of the bismuth present is precipitated 
as oxychloride in accordance with the equation : — 

BiClj + H/J = BiOCl + 2HCL 

The oxychloride forms a dazzling white powder, which was fonnerly 
used as a cosmetic. 

Oxy-Salts of Bmmith 

Of the oxy-salts of bismuth, the sulphate and nitrate are the 
most important. There are several compounds of bismuth with 
sulphuric acid which can be produced by dissolving bismuthic oxide 
in sulphuric acid. From some of these compounds water precipitates 
basic bismuthic sulphate. Bismuthic sulphate is decomposed on 
heating, although imperfectly, into the oxid(‘ and sulphur trioxide, or 
sulphur dioxide and oxygen. Bismuthic nitrate Bi(N03)3 is obtained 
by dissolving bismuth in nitric acid. It fonns colourless crystals 
with 5 molecules of waters of crystallisation. Water precipitates a 
basic nitrate from the solution, whilst acid salts remain dissolved. 
Basic bismuth nitrate is used in medicine and as a cosmetic. 

Sulphides of Bimiith 

Bismuth forms two comi)ounds with sulphur, viz., bismuthous 
sulphide (Bi2S2) and bismuthic sulphide (B,i2S3). Bismuthous sul- 
phide (Bi2S2) is obtained in combination with water on treating the 
solution of a bismuthous salt with sulphuretted hydrogen in the 
absence of air. A black powder of the composition ^282 + 2H2O is 
thus obtained. In the dry way bismuthous sulphide is produced by 
melting together sulphur and bismuth in the proportion of their 
atomic weights. At a strong heat it is decomposed into bismuthous 
sulphide and metallic bismuth. Bismuthic sulphide (B^Sg), which 
is found in nature os bismuth glance, can be obtained in the form of 
a bluish gray foliated mass by melting bismuth with on excess of 
sulphur ; in the wet way it is produced in the form of a blackish- 
brown precipitate by passing sulphuretted hydrogen into a solution 
of bismuthic salts. It is soluble in boiling concentrated hydrochloric 
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acid and in nitric acid. If water vapour is passed over red-hot 
bismuthic sulphide, according to Regnault, sulphuretted hydrogen, 
bismuthic oxide, and a small quantity of metallic bismuth are 
produced. By passing hydrogen over red-hot bismuthic sulphide, 
sulphuretted hydrogen and metallic bismuth are obtained. Bismuthic 
sulphide heated in the air is converted into bismuthic oxide and 
bismuthic sulphate, sulphur dioxide being evolved. The sulphate 
is only imperfectly decomposed by increasing the temperature. A 
mixture of bismuthic oxide and sulphate th^ref<»ro always 
obtained as the products of the oxidising roasting of bismuthic 
sulphide. Bismuthic sulphidt^ can be melted with metallic bismuth 
in all proportions. It is said that at very high ti»mpi‘ratures the 
sulphur can bo volatilised almost completely. 

The compounds of bismuth with phosphorus and arsenic are 
discomposed on heating. Bismuth phosphide is completely decom- 
posed into phosphonis and bismuth. The last portions of arsenic can, 
however, only be i^emoved with difficulty from arsenide of bismuth. 


Alloys of BismiUh 

Bismuth alloys with a number of metals, and causes the resulting 
alloys to melt at a low temperature. Alloys which are used in the 
arts on account of their l(»w melting points are those of Newton, 
Rose, Lichtenberg. Wood and Lipowitz. Their compositions and 
melting points are shown in the following table: — 

j 1 CnnipriMitloii. • I 


Alloy of 

Hi 

Pi» 

Sli 

1 i\\ 

Mdting Point 

Newton .... 

2 

5 

3 


94-5" C. 

RoRe 

2 

1 

1 


93-75- 

LichtenWg . . . 

5 

a 

2 

— 

91-6- 

Wood .... 

4 

2 

' 1 

] 

71 -O* 

Lipowitz . . . 

1.1 

8 

4 

1 

3 

flO-O- 


These are used for light solders, for stopping teeth, for taking 
impressions of woodcuts and coins, and for safety-plugs for boilers. 

Zinc will only take up 2*4 per cent, of bismuth, whilst bismuth 
will take up as much as 14*3 per cent, of zinc. Antimony alloys 
with bismuth in all proportions. If an alloy of lead and bismuth is 
heated in the air to redness, the lead oxidises first, and, after its 
removal, the bismuth. On account of the easy fusibility of lead 
oxide, it is therefore possible to separate lead from bismuth by on 
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oxidising fusion of the alloy. When such an alloy is treated by the 
Pattinson process,^ the bismuth may be collected in an alloy rich in 
bismuth, whilst the bulk of the lead is obtained free from bismuth,^ 
the bismuth following the silver into the enriched lead. If an alloy 
of lead and bismuth with silver or gold is heated in the air, the lead 
is first oxidised, and then the bismuth, the silver or gold retaining a 
small proportion of the bismuth. 

From alloys of gold and bismuth containing but small quantities 
of gold, the gold may be removed by means of zinc, a small portion 
of the bismuth being, however, retained in the zinc and gold alloy.® 

Ores of Bismuth 

The ore which furnishes the greatest quantity of bismuth is 
rootailic bismuth. It is found in Europe in the Erzgebirge of 
Saxony (Schneeberg, Johann-Georgenstarit, Schwarzenberg, Alten- 
berg, Zinnwald); in Bohemia (Joachimsthal), Carinthia (Lblling), 
Styria (Salzburg), the Banate (Cziklova) ; Sweden (Fahlun) ; Norway 
(Bleka); England (Redruth, Cornwall, and Camck Fell, Cumber- 
land) ; Scotland (Alva, Stirlingshire). Outside of Europe it occurs 
in the United States of North America (Utah), in l^eru. Chili (San 
Antonio del Potrero Grande), and more particularly in Bolivia 
(Illimani, Tasna, Chorolque, Oruro, Guaina, Potosi, Sorata), and in 
Australia (Queensland and New South Wales). 

Bismuth ochre (BigO,^), containing 897 per cent, of bismuth, 
and generally intermixed with iron, copper and arsenic, occurs in 
Bohemia, Siberia, Cornwall (St. Agnes), France (Meymac, Dep. 
Corr^ze), and in Bolivia. This mineral is often mixed with bis- 
muthic carbonate and hydrate. Bismuthic carbonate or hydro- 
carbonate occurs by itself in Cornwall, France (Me 3 rmac), Bolivia, 
United States of North America (Arizona), and Australia (Queens- 
land). 

Bismuth glance or bisinuthine (BigS^, containing 81'25 per cent, 
of bismuth, occurs in Cumberland, Cornwall, Saxony, Sweden. Bolivia, 
Colorado and Queensland. The other minerals containing bismuth 
are of no importance for the extraction of that metal. Among these 
may be enumerated copper bismuth glance (wittichenite), silver 
bismuth glance, bismuthic cobaltic pyrites, bismuthic nickel pyrites, 
bismuthic silicate (eulytine), telluride of bismuth (tetradymite), 
seleno- and sulpho-telluride of bismuth and needleore (aikini^e). 

‘ Vol. i , p. 503. * Matthoy, Proc. Boyal iSfocte^y, vol. ziii.,p. 89. 

* Matth^, /oc. eU. 
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F<u,majce Frodvxiz corUaining Bismuth 

The bismuth which occurs in small quantity in various ores is 
concentrated in certain metallurgical products, the latter of which, 
therefore, form the material for the extraction of bismuth ; among 
such metallurgical products may be mentioned work-lead, litharge, 
hearths, cupel bottoms, nickel and cobalt speiss. 

Exteaction op Bismuth 

Bismuth is extracted both in the dry way and by means of the 
wet way. The electrolytic met|j|^ of bismuth extraction has been 
proposed for alloys of j^ismuth and lead, but h^ not as yet been 
adopted to any extent. By &r the greatest portion of the bismuth 
that is at present produced, is got in the dry way at the cobalt 
works at Oberschlemma agA Pft^enstiel in Saxony, which treat 
principally ores from SchiSHIWg and Austro-Hungary, and from 
the works of Johnson, Matthey and Co., in London, which treat 
oliiefly Australian and South American ores. 

The dry method should be used as a rule for ores rich in 
bismuth and for ores containing bismuth in the metallic state. 
The wet way is employed for the extraction of bismuth from a 
scries of metallurgical products, from poor oxidised bismuthic ores, 
as also for the extraction or removal of bismuth from the ores which 
contain it as a subsidiary constituent (tin ores carrying bismuth). 
Bismuth obtained in the dry or wet way is generally rendered 
impure by a number of foreign bodies which interfere with its 
employment for certain purposes, especially for the preparation of 
pharmaceutical products. It has, therefore, to be refined. 

Extraction of Bismuth in the Dry Way 

The extraction of bismuth in the dry way from ores varies with 
the composition of the latter, and depends upon the low melting 
point of the metal, the decomposability of the sulphide by iron, and 
the possibility of converting bismuthic sulphide into a mixture of 
sulphate and oxide by means of an oxidising roasting, and the 
reducibility of the oxide by means of carbon, and upon the difficulty 
of oxidising bismuth in the air at high temperatures. On account 
of the low melting point of bismuth, it can be separated by simple 
fiision from the minerals and gangue accompanying it. The fusion 
may take the form either of a liquation of the bismuth from the 
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aooompaiiying minerals, or of a fusion of the bismuth and accom- 
panying minerals with the formation of a slag. Bismuth is extracted 
from bismuthic oxide by a reducing fusion with carbon, the other 
constituents being slagged off. From bismuthic sulphide, bismuth 
can be obtained either by an oxidising roasting followed by a 
reducing fusion with carbon, or by melting with iron with the 
formation of ferrous sulphide and separation of bismuth. From its 
alloys with lead, bismuth may be extracted by cupellation of the latter 
until the lead has been removed in the form of litharge. From 
alloys of the precious metals bismuth may be extracted by cupella- 
tion, and reduction of the bismuthic oxide thus obtained by means 
of carbon. We h^ve accordingly to^distinguish : — 

(1) The extraction of bismuth from ores. 

(2) The extraction of bismuth from metallurgical products. 

i. The Extraction of Bismuth in the Dry Way from Ores 

Under this heading we have to distinguish : — 

(a) The extraction of bismuth from ores containing it in the 
native state. 

(&) The extraction of bismuth from bismuthite. 

(c) The extraction of bismuth from ores which contain it in an 
oxidised state. 

a. The JShctraetim of Bimuth from Ores containing the Native Metal 

Bismuth may be separated from ores containing it in the form of 
metal, either by a process of liquation or by fusion, in which the 
entire mass is liquefied. The objection to the process of liquation is 
that the bismuth is only imperfectly extracted by it, and that other 
compounds of bismuth, which frequently occur intermixed with the 
native metal, are not extracted, and remain in the residues. Fusion 
processes proper, on the other hand, not only yield, on account of the 
lique&ction of the entire mass, a much better output of native 
bismuth, but also admit of the addition of desulphurising or re- 
ducing agents to the ores, which will simultaneously extract the 
bismuth from the sulphur or oxygen compounds that may be con- 
tained in the ores, together with the native bismuth. The extraction 
of bismuth by the fusion process is, therefore, preferable to em- 
ploying liquation; for which reason the latter process, which was 
formerly employed, has now been replaced eveiywhere by the* former 
methods* 
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The JEhiraction qf Bismuth hy LigtuUim 

This process was formerly, in use in Saxony, It was earned out 
in inclined cast-iron pipes, from the lower end of which the bismuth 
flowed out as soon as it had reached its melting point, wWlst the 
difficultly fusible gangue remained behind. The older liquation fur- 
naces were designed by Plattner, and haye been afterwai^ suitably 
modified by QUnther. Plattner’s furnace is shown in Fig. S73, in 
which r is the grate, B the furnace body, /,/ are stacks, s, « are the 
inclined cast-iron pipes, which— eleven in number— are arranged in 
two tiers. They are 4 feet long, 30 to 12 inches hif^ and 6 to 
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8 inches broad, each holding up to 3t3 lbs. of ore. They are charged 
fiom the upper end, which, during the course of the operation, is 
kept closed by a sheet-iron cover. The liquid bismuth flows out 
from the pipes through a small opening, o, at their lower ends, into 
two g^utters at, inclined towards the centre of the furnace, which 
discharge into a movable kettle h, which is kept heated. Moulds 
supported upon a carriage are run underneath the lip of the kettle, 
and the fluid bismuth collected in the latter is poured into them. 
The residues from the liquation are drawn out at the upper end of 
the pipes n-Tid foil into a box provided with a perforated bottom and 
standing in wat^, which can be lifted out from the ta nk in which it 
rests. By dropping these residues into water they m at once 
cooled, and there is nothing to prevent the pipes being immediately 
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re^ohaiged with fresh ore. In a furnace of this kind at Schneeberg, 
in Saxony,^ bismuthic cobalt and nickel ores containing up to 12 per 
cent, of bismuth were liquated. The charge for a tube amounted to 
22 to 31 lbs., the liquation of which took from 15 to 20 minutes; 
the fuel consumption of such a furnace was equal to 590 cubic feet 
of firewood in 24 hours. The residues still retained ono-third of the 
bismuth present in the ore, and were smelted, forming a bismuthic 
speiss from which another portion of bismuth was extracted by 
liquation upon liquation hearths. 

The furnace, as modified by Qlinther, is shown in Fig. 274.* The 
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residues can be more easily removed from this furnace than firam the 
Plattner furnace. The tubes are furnished at their lower end with a 
grating g, g, made of 7 cast-iron bars, upon which the ore rests. 
The tubes are charged from their upper end after the cover, n-, is 
removed. The heat generated upon the fire-grate S melts the 
bismuth which flows through the spaces between the bars of the 
grating, g^ g, to the opening /, through which it runs out into iron 
moulds I, standing in front of it. The residues are removed firom 
the lower end of the tubes. For this purpose the cover, which is 
movable about a hinge is lifted up, and the residues are drawn out 
over the grating on to an iron plate lying in front of the tube* 

^ Plattner, ffuttenkunde, p. 28. * Kerl, MeUMhmenhmde, p. 890, 
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The Hxif^etion of Bim^h ^ Bmeem of Ikeim 

For the extraction of bismuth by complete fusion^l|ticib}e 
furnaces ore best employed. Shaft furnaces have not jpfo satis- 
factory results because the bismuth rapidly dostron^be walls, 
penetrates into them in consequence of its fluidity„4^ 
off in considerable quantity. The author does n^ know whether 
reverberatory furnaces have ever been used for the extraction of 
bismuth from ores carrying the native metal. If the* native ores 
contain sulph-arsenides of cobalt and nickel and bismuthic sulphide, 
the ores are calcined before fusion in order to remove the sulphur 
and a portion of the arsenic, In order to complete the deromposition 
of the sulphide of bismuth, iron is added during the process of fusion. 
Carbon is added for the reduction of the bismuthic oxide, and soda, 
felspar, lime, quartz or slags may be added to slag off the ganguc. 
At the cobalt works of Obeischlemtna, near Schneeberg, ores of 
bismuth containing cobalt and nicki,! are first calcined to remove the 
sulphur and arsenic and then smelted in the smalt furnaces with 
carbon, iron and slags, producing, together with metallic bismuth, a 
speiss containing arsenic, iron, nickel and cobalt, and slag. The 
molten mass is poured into iron pans, in which bismuth separates out 
at the bottom, over it the speiss and the slag on the top. After the 
speiss and slag have solidified, the bismuth, which remains fluid in 
consequence of its low melting point, is tapped off from the solidified 
substances. 

At Joachimstahl, in Bohemia, ores containing lead, nickel, cobalt, 
uranium, silver, iron, arsenic, sulphur and ganguo, with an average of 
10 per cent, of bismuth, used to be treated by fusion in Hessian 
crucibles in charges of 1 ewt, mixed with soda (16 to 60 per cent.), 
lime (6 per cent.), fluorspar (6 per cent.), and iron turnings (28 per 
cent.) under a cover of soda equal to 6 per cent, of the weight of the 
ore. The fusion was effected in an air furnace, charcoal being used as 
fuel. The slag that formed was removed from time to time, a corre- 
sponding quantity of fresh charge being introduced. The products 
were slag, bismuth and speiss. In 24 hours 2 to 3 cwts. of ore were 
treated. The crucibles lasted 3 to 4 days. Subsequently the process 
of fusion was preceded by one of calcination, the ores in quantities of 
4 to 10 cwts. being calcined for a period of 4 to 6 hours in reverber- 
atory furnaces fired with lignite. When so much of the slag had 
been ladled out from the crucible that the entire contents consisted 
of bismuth and speiss, the latter were poured into conical iron moulds, 
at the bottom of which the bismuth was deposited. After the mass 
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adhmog speiss and other difficultly fusible impurities by 
liquatw in iron tubes. The bismuth contained lead, and was freed 
from ihu^fnetal by cupellaticm. The sla^ contained uranium, and 
was treated for the production of compounds of this metal. Since 
the year 1868, the ores from Joachimstahl have been treated at the 
smelting works in Saxony. 

b. The EoJtTObdion of Bismuth from Bismuth Glance 
Bismuth glance is generally found intermixed with native bis- 
muth. It but rarely occurs in such quantities as to form the 
material of a separate process for the extraction of bismuth. This 
is, however, the case with bismuthine occurring in Bolivia. When 
it occurs intermixed with native bismuth, the ores in question 
are smelted, either raw or after previous calcination, with a certain 
quantity of iron, as has been explained under the extraction of 
bismuth from the ores of Schneeberg and Joachimstahl which contain 
native bismuth. Ores containing bismuthine alone can either be 
treated by calcination and fusion with carbon, or in the raw state by 
fusion with iron. In the one case the chemical processes are the same 
as in the extraction of lead from galena by the process of calcination 
and reduction ; in the other case the same as in the extraction of lead 
by the precipitation process. It must be noted that when bismuthic 
sulphide is calcined, a certain quantity of sulphate is always formed, 
and this salt is only imperfectly decomposed when the temperature is 
raised, so that there is always a certain quantity of it present in the 
charge. It is reduced in the fusion to bismuthic sulphide, which 
passes into the matte, or into the slag if only very small quantities 
of matte are produced. When ores contain considerable quantities 
of gangue, the bismuthine may be separated from it by a simple 
fusion without the addition of iron. Valenciennes^ has made ex- 
periments upon the extraction of bismuth from bismuthine from 
Bolivia, which is at present being treated in England. The ores, 
Which occur in Bolivia in considerable quantities, consist of a 
mixture of sulphides of bismuth, copper, iron, antimony and lead, 
with small quantities of sulphide of silver. The amount of bismuth 
in them varies from 15 to 30 per cent. The best process for their 
treatment has been found to be calcination and reduction. The 
crushed ores were calcined for 24 hours in a reverberatory furnace 
with frequent rabbling and intermixture from time to tirqe with 
crushed coal, and were then smelted in a reverberatoiy smelting 
1 Note i’41atiye la M^tallurgie dii Biemuth, Soc, Chim,, 1874. 
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tmMe, the calcined ore beM|r mixed with 8 eant. of wAf 
lime, soda and fluorspar, In order W assiet the reduction^ a rr 
duoing flame was kept up for the first |#o hours, the temp^ttre 
being a red heat, which was subaeqtrently raised to whiteness. The 
operation was finished as soon as the contents of the fiimaoe were 
completely fluid. Together with metallic bismuth, a copper matte 
containing bismuth and slag were obtamech The molten oontents 
were tapped off at the lowest point of the hearth,/aiid MU into 
conical iron moulds placed in front of the furnace, in which they 
separated according to their specific gravity, the bottommost layer 
consisting of metallic bismuth, the next of bismuthic copper matte, 
and the topmost one of slag, consisting chiefly of ferrous silicate. 
The metallic bismuth still contained lead, antimony and copper, and 
had to be purified before it could be used for pharmaceutical pur* 
poses. The copper matte obtained contained 5 to 8 per cent, of 
bismuth. It was crushed, calcined, and then smelted in the same 
way as the calcined ore, the products being metallic bismuth and a 
copper matte which still retained 2 to 8 per cent, of bismuth. Pure 
bismuth could not be obtained from the latter in the dry way, an alloy 
of copper and bismuth being alwap produced, so that the bismuth 
had to be extracted from this matte by wet methods. Valenciennes 
employed precipitation processes in reverberatory furnaces experi* 
mentally upon these ores, which he hod freed from their gangue 
by a previous fusion. The ores thus prepared, which consisted only 
of sulphides of bismuth, iron and copper, were crushed, mixed with 12 
per cent, of iron turnings, 30 per cent, of slag, and a certain quantity 
of soda, and then fused in reverberatory furnaces. After heating for 
4 hours up to whiteness, the mass was completely fluid, and was 
tapped out into conical cast-iron moulds, the products being metallic 
bismuth, a matte consisting of the sulphides of copper and iron, and 
fllaga. The bismuth contained less copper than that obtained by the 
process of calcination and reduction, but contained antimony. The 
process worked well, and was much more rapid than the previous 
one, but had the veiy great objection that the sulphide of iron 
rapidly destroyed the hearth of the reverberatory fdmace, in conse- 
quence of which it was given up. 

c. I7ie Extraction of Btm/uUh from Ores which contam U in the 
Form of Oxide 

Oxidised bismuth ores only occur exceptionally in sufficient 
quantities to be treated by themselves for bismutk As a rule, 
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they are mixed with native bismuth and are treated together 
with it. They can be treated by being fused in crucfibles 
or reverberatory furnaces mixed with charcoal. Shaft furnaces 
cannot be recommended on account of the excessive loss of bis- 
muth, due to slagging and volatilisation. Considerable quantities 
of hydrated carbonate of bismuth have been found at Meymac, in 
France. These have, however, been treated by means of the wet 
method. If the ores containing native bismuth contain at the same 
time oxides of bismuth, a corresponding quantity of carbonaceous 
matter is added during the fusion so as to reduce the oxide of 
bismuth, the carbon dioxide and water being driven off from the 
above-named compounds by the action of heat. 


ii. Extraction of Bismuth in the Drt Wat from 
Metallurgical Products 

Bismuth is at present generally obtained from metallurgical 
products by means of the wet methods. We must distinguish m 
extraction by the dry way : — 

(a) The extraction from mattes. 

(8) The extraction from alloys. 

0 . Tht Extraction of Biemvih from Mattcc 

Bismuth is extracted from mattes by methods based on the 
fxrinciple of calcination and reduction. The matte is crushed, cal- 
cined in reverberatory furnaces until the bismuthic sulphide is 
converted into oxide and sulphate, and then smelted with the ad- 
dition of carbon and suitable fluxes in reverberatory or crucible 
furnaces. Metallic bismuth is obtained, and, when copper is present 
in the matte, a copper matte containing bismuth, together with 
f(^ferous slag. As it is not possible to completely decompose the 
sulphate of bismuth produced during calcination by any increase of 
temperature, a certain quantity of sulphide is always reproduced 
during the reduction, which passes into the matte. If only small 
quantities of matte are form^, this, together with any sulphide of 
biamuth, passes into the slag. A simple precipitation process is 
not to be recommended for matte, especially when the latte^ only 
contains small quantities of bismuth. The method of treating the 
psatte produced in smelting Bolivian ores has already,beenexidained» 
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5, The Exiraciim of Bimuth from Alloys 

Alloys from which bismuth can be obtained in the diy way, and 
from which it used formerly to be so obtained, are its alloys with lead, 
and with lead and the precious metals. When a lead-bismtith alloy 
is submitted to an oxidising fusion, the load is first oxidised, the bis- 
muth only commencing to oxidise when the greater proportion of the 
lead has been removed. The cupellation of a lead an(| bismuth alloy 
can therefore be so conducted that the first product is litharge, the next 
litharge containing bismuth, and the last, if the oxidation is st<!tpped 
at the right moment, metallic bismuth. Such a cupellation process 
was formerly employed at JoachimStabl for the extraction of bismuth.. 
The lead bismuth alloy was cupelled in quantities of 4f«to 5 cwts., 
the first product being litharge firee fhm bismuth, which was sent 
to the 1^ works, thw a brown litha^ containing Msmuth, and 
finally a black oxide of bismuth iMe from lead, oh the aippearanco of 
which the metallic bismuth» iksta free from lead, was tapped into 
cast-iron pans. The litharge containing bismuth was smelted in 
crucibles together with the cupel bottoms with a flux consisting of 
quartz, fluorspar and iron turnings, the product being an alloy of 
lead and bismuth, which was again submitted to cupellation. The 
oxide of bismuth free from lead was smelted under a cover of salt 
with a mixture of quartz, lime and iron turnings. From work-lead 
containing bismuth, litharge rich in bismuth is obtained in the 
processes of cupellation in the last stage of litharge production. 
When this litharge is submitted to a reducing fusion, an alloy of 
lead and bismuth containing some silver is obtained. By cupelling 
the latter, litharge still richer in bismuth is obtained, together with* 
litharge free from bismuth^ and biicksilver. The former can again 
'be reduced and the alloy of bismuth, silver and lead, thus obtained, 
can again be cupelled. On reducing this litharge containing bismuth^ 
bismuth containmg both lead and silver is obtained. At present,, 
after the argentiferous litharge has been sufficiently enriched in 
bismuth, it is treated in the wet way. 

Extraction of Bismuth bt the Wet Way 

Bismuth can be obtained by means of wet methods from ores 
which contain the metal as carbonate or oxide, and especially from 
metallurgical products in which the bismuth is in the form of an 
oxide or an alloy. When bismuth is present as oxide it is generally 
dissolved by hydrochloric acid, more rarely by nitric add, which is 
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&r dearer ; when it is present ba metal or alloy, by means of aqua 
regia or of hot concentrated sulphuric acid. 

Bismuth is precipitated from the solutions either directly or as a 
basic salt. It is generally thrown down as metal by means of iron. 
As a basic salt it can be thrown down by diluting solutions of its 
chloride with water, when an oxychloride is pifecipitated. From the 
oxychloride bismuth can be reduced either by fusion with lime and 
charcoal, or by treating the moist salt with iron or zinc. The addition 
of lime is necessaiy when the oxychloride is treated in the dry way, 
in order to combine with the chlorine. The lime maybe used either 
slaked or as caustic lime. Metallic bismuth thrown down in the wet 
way is melted in graphite or iron crucibles with the addition, in 
case of need, of alkaline fluxes. 

JSkstraction of Biikuthin the Wet Way from Ores 

The wet way has been employed for oxidised bismuth ores at 
Meymac and for calcined tin ores rich in bismuth at Altenberg in 
Saxony. The ore treated at Mejnnac ^ is a hydrated carbonate of 
bismuth in a quartzose gangue containing small quantities of arsenic, 
antimony, lead, iron and lime. The crushed ore is treated 3 times 
oyer in earthenware vessels with hydrochloric acid at a gentle heat 
and under constant stirring. The nearly exhausted ore is treated 
with fresh hydrochloric acid, whilst the almost saturated acid is 
allowed to act upon fresh ore. saturated solutions being thus 
obtained, whilst the bulk of the bismuth is removed from the ore. 
The bismuth is thrown down from the solution in the form of black 
powder by means of bars of iron. Immediately after its precipi- 
tation, it is separated from the solution, washed with water, pressed 
in canvas bags, and finally melted in graphite crucibles under a layer 
of charcoal, and cast in iron moulds. At Altenberg, in Saxony, 
calcined tin ores are treated with hydrochloric acid, which dissolves 
the oxide of bismuth formed during calcination. From the solution 
thus obtained, basic chloride of bismuth is thrown down by the 
addition of water. The precipitate is treated for metallic bismuth. 
The method of extracting the metal is not indicated in the literature 
of the subject 

Extraction of Bievmth in the Wet Way from Fwrnace ProdMts 

The chief metallurgical products from which bismuth is extracted 
in the wet way are impure oxides of bismuth, litharge containing 

1 Oftmot, '< D4oouyerte d’un Giiemeat de Bismuth en France,*’ BvU, Foe. Chtm., 
1874 
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bismuth, and cupellation residues containing bismuth, such as are 
obtained during the cupellation of alloys of lead, bismuth and 
silver. Attempts have also been made to treat alloys of lead, 
bismuth and silver directly in the wet way. When work-lead 
containing bismuth is cupelled, litharge free from bismuth is first 
obtained. When the cupellation is continued, the bismuth is also 
oxidised and passes into the litharge, the last portions of the 
litharge being richest in bismuth, whilst a small portion of the 
latter metal remains in the silver. By smelting the last litharge, 
which contains both bismuth and silver, in shaft fimiaoes with 
•charcoal, bismuth can be eoncentcated in the work-lead thus 
obtained, and by cupelling the latter, litharge still ridier in bismuth 
is produced. The concentration of bismuth in litharge may be 
brought about simply in cupelling lead which is not too poor in 
silver, by not continuing the eupellation until the silver brightens 
but interrupting the process when the silver contents of the work- 
lead have been enriched to about 80 per cent.^ In this case the 
bismuth is concentrated in the alloy produced, and when the latter is 
finally cupelled upon a smaller hearth, it passes into the litharge and 
n portion of it into the test. Both litharge and test are so rich in 
bismuth that they can be treated directly by wet methods. At 
Freiberg, in Saxony, argentiferous lead containing minute quantities 
cf bismuth is split up by the Fattinson process into lead rich in 
silver (containing 2 per cent.) and carrying bismuth, and into lead 
poor in silver (containing 01 per cent.) and free from bismuth, the 
latter of which is then desilverised by means of zinc. The lead 
•containing bismuth is concentrated in German cupellation furnaces 
until the silver contents reach 80 per cent., and then refined in 
•silver refining furnaces in quantities of 0*9 to 1*2 tons for the 
production of fine silver, lead and bismuth being thereby oxidised. 
The oxides are partly absorbed by the hearth, which is made of 
marl, and partly fiow off as litharge containing bismuth. The 
litharge and the hearth generally contain from 5 to 20 per cent 
of bismuth, and are crushed fine and then treated with hydrochloric 
acid in stoneware pots 30 inches high and 36 inches in diameter, the 
•charge for a pot amounting to 1 cwt. To this are added 140 to 165 
lbs. of hydro^loric acid and 22 lbs. of water, the action of the acid 
being promoted by gently heating and continual stirting. In 6 
hours the bismuthic oxide, together with a small portioii of lead 
oxide, has been dissolved, the residues consisting of chloride of lead 
and metallic silver. Water is added until the liquid becomes turbid 

» Vol. i., p. 579. 
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owing to the separation of bimnnthic oxychloride. The solution is 
then allowed to stand for 7 hours in order to clear, and is dravm off 
hy means of leaden syphons into wooden vats 6 feet high and 6 feet 
in diameter, in which it is diluted with a sufficient quantity of water 
to throw down the bulk of the bismuth as basic oxychloride. As 
soon as the precipitate has settled, the solution is run off first into 
settling tanks, and then into a sump in which the copper which it 
contains is thrown down by means of iron. The precipitate of 
bismuth oxychloride is then washed with water in a wooden vat 
provided with a linen filter in order to remove a portion of the 
chloride of lead. It is then dissolved in hydrochloric acid in order to 
remove a further portion of chloride of lead. On dilution of the 
solution with water the bismuth is again thrown down as oxychloride, 
the latter being again treated with hydrochloric acid in order to 
remove any portion of chloride of le|^ that might bo left, and from 
the solution thus obtained the oxychloride of bismuth is again 
thrown down with water. The salt is then filtered off, washed and 
dried, and smelted with lime and charcoal or with soda, glass and char- 
coal in a cast-iron crucible heated in an air furnace, coke being the fuel 
used. The products ore metallic bismuth and slag. The cast-iron 
crucible is provided with a foot and is 20 inches high in the clear, its 
greatest diameter being 12 inches. The charge consists of 28 to 44 
lbs. of bismuth salt, 16 per cent, of caustic lime, and 6 per cent, of 
finely ground charcoal. As soon as the contents are in a state of 
tranquil fusion the slag is ladled off and the bismuth poured into 
monlds. It is purified by re-melting. It then contains 0'3 to 04 
per cent, of lead and 0*025 of silver. The residues which remain 
when the lithoige and the various precipitates of bismuthic 
oxychloride are treated with hydrochloric acid, are washed with 
water containing hydrochloric acid, dried, and added to charges con- 
taining lead and silver, which are being smelted for work-lead.^ At 
the St. Andreasberg Works in the Upper Harz, litharge containing 
bismuth is produced which is sold to Freiberg for treatment in the 
wet way. At Frankfort-on-the-Maine, in the works of the German 
Gold and Silver Refinery, bismuth is prepared in the wet way from 
skimmings containing bismuth, which are obtained in silver refining. 

Processes for extracting bismuth from alloys in the wet way have 
been proposed byMrazek and De Luyne,as to the practical execution 
of which nothing is known. Mrazek* proposed sulphuric acid as the 
solvent for bismuth contained in argentiferous lead and bismuth 

> PreuM. Zeitaehr,, vol. zviii., p. 108 ; Berg, md HHU. Ztg.^ 1876, p. 76. 

> dMterr. Zeitschr., 1874, Noa 84 and 85. 
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alloya These alloys, which are obtained by repeated reduction and 
cupellatioQ from lithai^ containing bismuth, and which contain 50 
to 60 per cent, of bismuth, are to be treated in the granulated state 
with hot concentrated sulphuric acid. Bismuth and silver are 
thereby dissolved, whilst the lead remains as sulphate in the tesidues. 
The silver is to bo thrown down from tho solution by moans of 
sodic chloride, and the bismuth by means of iron. If alloys of lead 
and bismuth alone are to be operated on, the bi&muth can be thrown 
down directly by means of iron after the treatment with concentrated 
sulphuric acid. The spongy bismuth obtained by this means is to be 
pressed, dried, and then melted. The proposed process of De Luyne ^ 
refers to the extraction of bismuth from alloys containing tin, lead 
and bismuth. These are be treated with cold hydrochloric 

acid, so as to remove the gpihter portion of the tin. The bismuth is 
then to be brought into aclntioi^ by treating the residues with aqua 
regia, and from this solution the bismuth is to be thrown down as 
oxychloride by dilution with wat(‘r. This salt is either to bo 
smelted in crucibles for metallic bismuth, in admixture with chalk 
and charcoal, or it is to be dissolved in hydrochloric acid and the 
metal thrown down by treating tho solution with zinc and the 
precipitate pressed, dried and melted. Another pro}K)«ed process of 
De Luyne suggests the employment of nitric acid as a solvent, which 
dissolves bismuth and lead, whilst the tin is converted into an 
insoluble oxide ; from this solution the bismuth is first to be thrown 
down as metal by, means of lead, and then the lead precipitated as 
carbonate by means of sodic carbonate. 


Extraction of Bismuth from Lead-Bismuth Allots by the 
Electrolytic Method 

Borchers has proposed the extraction of bismuth from lead con- 
taining it, by means of the electric cu]Tent,and has devised apparatus 
for this process. He fuses alloys containing lead and bismuth, or 
lead, bismuth and silver, under molten allmlme chlorides, through 
which he passes an electric current. The lead is dissolved as chloride 
and is deposited as metal at the cathode or at the bottom of the 
cathode compartment, whilst with a suitable current density, bismuth 
unH silver remain undissolved ami collect at the bottom of the anode 
compartment. Although the process has not come int6 use, an 
explanation of the process and mode of working as communicated by 

} Dingier , 1S7» p. 2B9. 
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The fbrion is performed in a vessel of oast in>n, which oansiate of two 
horizontal semi-cylinders a and i% and a hollow iron frame v in the 
shape of a semicircle. The semi-cylinder a forms the anode compart- 
ment; its left-hand end is steeply 
inclined. The sides of the anode com* 
partment are provided with a eeries 
of step-like projections. The semi- 
cylinder ^ forms the cathode compart- 
ment, the nght-hand side of which is 
also inclined. The hollow iron frame 
or iron ring v separates the anode 
from the cathode departments Water 
circulates in it dunng the electrolysis 
and cools its walls to such an extent 
that they are coated externally with 
a layer of solidified alkalme chlondes, 
which serves to insulate it. The anode 
and cathode compartments are thus 
insulated from each other by means 
of this ring. The water enters the 
ring through the tube e and escapes 
at X, Should anything happen to 
prevent the circulation, an overflow is 
provided at s until it can be put right. 
The outer circumference of this iron 
rmg is provided with hollow pro- 
jections which give it the form of an 
inverted T in cross section. The hollow space between these two 
semi-circular projections is filled with an insulating material con- 
sisting of clay free from carbonaceous matter, sand and marl. These 
projectionsalsoserve to cany the flanges of the two semi-cylinders 
i^nd thus to unite the various portions of the apparatus. The tubes 
p and T serve to regulate the level of the molten mass and to remove 
the metals after their separation from each other. By means of the 
pipe f , which opens into the bottom portion of the anode department, 
the bismuth is to be removed, whilst the lead is to flow off t&rougb 

1 /oM. cfer JBTecfrocAem., 1886, p. 168. 
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through the pipes p and t to partly fill the anode and cathode depart** 
menta A mixture of alkaline chlorides in the ratio of their molecular 
weights KCl+NaCl is then charged. As this mixture melts but slowly 
it must only be introduced in small quantities at a time. It is better, 
however, to fuse the mixture in a separate pot and to allow the 
molten to run all at once into the decomposing pot. In order 
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tto preiwnt the iron of this vessel, especially at the anodes, from being 
attack^ by the fused mass, it is necessary to make it basic by 
•dissolving in it litharge, or better still lead oxychloride. These lead 
compounds must, however, only be added after the pot has been 
filled with the fiisod mass, because, otherwise, lead would be deposited 
upon the metallic portion of the pan, penetrate through the insulation, 
and thus cause short circuiting. After the pot has been filled with the 
molten mass, and the external portions of the cooling ring and the 
iron in its immediate neighbourhood have become covered with a 
crust of non-conducting and irreducible salts, then the lead compounds 
have a most beneficial effect upon the electrolysis, and it is preferable 
to replace the potassium chloride that is volatilised by lead oxy- 
chloride. As soon as the first charge of lead compounds has been 
added, the alloy of lead and bismuth is introducc^d into the anode 
department by means of a funnel and a current passed through the 
molten mass. The molten alloy runs down over the step-liko 
projections of the side of the anode department, and the lead in it is 
dissolved and re-deposited in the cathode department, on the bottom 
of which it collects. On the other hand, bismuth and silver remain 
undissolved as long as the current tension does not exceed 100 amperes 
per square foot, and collect at the bottom of the anode compartment. 
The lead thus obtained is very pure and is tapped off from time to 
time through the pipe j?. The crude bismuth contains 90 to 95 per 
cent, of bismuth and is tapped off from the pipe i\ The upper 
apertures of the pipes p and r must be so arranged that the molten 
aalts reach up to the line o, the molten lead up to the line n. The 
bismuth pr<^uced contains lead, which can however be readily 
removed by means of an oxidising fusion. In order to obtain a good 
separation, it is necessary that the molten alloy should continually 
present fresh sur&ces, so that it is necessary for it to traverse the 
anode compartment pretty quickly. Complete decomposition is there- 
fore only effected after it has passed through the apparatus several 
times. Several of these apparatus must therefore be employed 
placed stepwise, one below the other, or else the alloy must be caused 
to pass several times through the same apparatus. With a current 
density of 100 amperes per square foot the tension required is said 
to amount to 0*5 volt. Accordingly about 10 lbs. of lead can be 
separated from the alloy per horse power per hour. As already 
stated, this process, which is said to work wit Wt any loss of metal, 
has not yet come into use. 
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Befinino of Bismuth 

Bismuth produced in the dry way contains arsenic, sulphur, iron, 
nickel, cobalt, antimony, and also silver and gold. The following ofo 
analyses of two samples of crude bismuth ; — * 


Pom. AuitroUa. 

Bismuth 04*1(13 

Antimony 4*670 2*621./ 

Arsenic ~ 0*290 

Copper 2*058 1*944 

Sulphur — 0*430 


The amount of gold and silver contained in various qualities of 
bismuth has been determined by Smith.’^ Ue found 0*011 per cont. 
of gold and 0*3319 p<‘r cent, of silver in a sample of Australian 
bismuth ; 0*000#S per cent, of gold and 0*0729 per cent, of silver in a 
sample of German bismuth ; and 0^0005 per cent, of gold and 0*075 
per cent, of silver in a sample of American bismuth. Impure bismuth 
is not suitable for many purposes for which the metal is employed, 
and must therefore be purified before use. When it is to be used for 
pharmaceutical purposes it must be especially pure and, above all 
things, free from arsenic and tellurium. The purification of bismuth 
can be performed either in the dry or in the wet way. The dry 
method produces a metal less pure than the wet way, and in the case 
of bismuth which contains a number of foreign bodies is a very lengthy 
process, as these cannot be removed by one single operation, but 
require a whole scries. It has the advantage that it is far cheaper 
than the wet method, which is also a very roundabout one and only 
used in special cases. 

PubHfication of Bismuth in the Dry Way 

This may consist either in a liquation process or in re-melting 
bismuth with fluxes of various kinds. liquation of bismuth is 
employed in Saxony. It is performed upon a liquation hearth 
consisting of cast-iron segments forming a groove inclined outwards ; 
the liquated bismuth is cast, just before seating, into iron moulds. 
Any sulphide of bismuth that may be present then sepiu:B.tes out 
upon the sur&co of the blocks. The residues that are left 
upon the liquating he^h, known as Kratzen, contain the greater 
portion of the impurities of the bismuth, and are treated for the 

^ Th* MiMral Industry, 1898, p. 72. 

* Jemm, Soe. Oh$m. Ind., April 29, 1898, p. 318. 
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wet method. , 

The purification of bismuth by rm^mg in otiicibles with 
various additions is much more perfect than the pturifloalion by 
liquation, but even this is not sufficient in all casea It must then be 
repeated until the bismuth is pure. The fluxes that are added depend 
upon the impurities that have to be removed. Aocotdinjf to Quesne* 
ville arsenic can be removed by melting bismuth with nitre and 
common salt. This process, the object of which is to form alkaline 
araenitea, alao removes iron and lead. According to Werther, arsenic 
may be removed by fusing bismuth with one-eighth of its weight of 
aoda and one-sixty-fourth of sulphur. In both methods a consider- 
able loss of biamuth ia incurred by the formation of bismuthic oxide. 
According to Thtirach arsenic, and more particularly the whole of 
the iron, may be removed by fusing bismuth with chlorate of potash 
to which from 2 to 5 per cent, of soda has been added. According 
to M^hu, arsenic may be removed from bismuth by heating the latter 
considerably above its melting point with excess of air in a vessel 
presenting a large surface. The greatest part of the arsenic is thus 
removed as arsenic acid, and any sulphur that may be present is 
converted into sulphur dioxide. The residue has to be remelted 
with soda, charcoal and tartar or soap, producing an alkaline mass 
which, when further heated in the air, is freed from the last portions of 
arsenic and sulphur, which combine with the alkali. In this process 
any copper and lead will remain in the bismuth. Johnson, Matthey 
and Co. heat bismuth ^ containing arsenic in quantities of 10 to 
12 tons to a temperature of 395'’ C. for a considerable time in the 
air, whereby the whole of the arsenic is volatilised without loss of 
bismuth. Tamm removes arsenic by dipping thin strips of iron into 
the bismuth fused beneath a layer of borax at a bright red heat. 
The arsenic is said then to combine with the iron, and to be com- 
pletely removed from the bismuth as arsenide of iron. A small 
portion of iron is, however, retained in the bismuth. Johnson, 
Matthey and Co.^ remove antimony by poling the bismuth, which 
is heated up to the oxidation point of antimony, by means of 
a piece of wood, the scum product being removed as long as any 
forms upon the surfime of the bath of metal For example, 7 cwts. 
of the molten metal which contained 96*2 per cent, of, bismuth, 
0*8 per cent, of antimony, 0*4 per cent, of iron, 2*1 per cent, of lead, 

^ Idatth^, Okemkal Newt, 1898, |ip. 68-67. 
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oootftiiied dO per of antimony as cmde» and about eent 
of lamuth. Antimony may, moreover, ^be completely xemotod by 
melting bismuth with bismuthic oxido in clay cruoibles. The 
quantity of oxide should be from 2| to 3 times that of the antimony 
to be removed. The bismuthic oxid(» oxidises the antimony to oxide, 
being itself reduced to metal. The oxide of antimony mixed with 
a small portion of oxide oi ])ismuth rises to the surface of the bath 
of metal and is skimmed off it. Borchers ^ removes orHcnic (after 
lead has been removed by melting with caustic soda, sodic and 
potassic chlorides, and bismuth oxy-chlonde) by melting the metal 
with caustic soda and nitres care being taken to avoid overheating ; 
he only melts with soda and sulphur when a considerable pio- 
portion of antimony is present. According to Tamm, copper can 
be removed by melting bismuth with potassic Hulpho-cyanate. For 
this purpose 8 parts of potassic cyanide are mixed with 3 parts of 
flowers of sulphur and the mixture is thrown on to the molten metal. 
Potassic sulpho-cyanate is formed with an dilution of heat, so that 
the compound bums in part, throwing out sparlpd, the copper 
separating out in the form of pi^lphide : any bismuthic sulphide that 
may be formed is reduced to metal As soon as the re-action is over 
and the mass is in a state of tranquil fusion, the slag is allowed to 
solidify and the still fluid bismuth is poured off. Together with the 
copper a portion of the lead, antimony and arsenic are removed. 
Copper is also said to be removed by melting the bismuth with 
bismuthic sulphide, the latter being reduced to metal.^ 

The best method of removing the copper is said to be by stirring 
Bodic sulphide into the molten bismuth, whereby the copper is also 
separated in the form of sulphide.^ According to Borchers ^ lead can 
be removed as soon as the quantity exceeds the fraction of a per 
cent, by heating the metal with bismuthic oxychloride in quantity 
corresponding to that of the lead present, in cast-iron kettles under 
a molten layer of the chlorides of sodium and potassium for a period 
of 3 hours. As soon as a sample of the metal sets showing coarse 
foliation, the refining is finished. After the solidification of the 
metal the slag is removed by dissolving in water. Borchers oonsiderB 
the removal of lead by melting the metal with caustic soda and 
nitre, as has often been recommended, to be defective, because 

* JSUetrthmetallurffie, 1895, p. 828. • jproc, Jioyal Soe,, vol xlU., p. 89. 

> Tteh, Chet^ /aftr6., 1890-91. ^ Qp^ cU.,p. 828. 
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plumbates are formed, which being good oxygen carriers, give rise 
to losses of bismuth. If, on the other hand, the bismuth is free from 
lead, but still retains arsenic and antimony, these bodies are to be 
removed by melting the metal with caustic soda and nitre. According 
to Phillips^ the Pattinson process is said to separate lead from 
bismuth with a considerable degree of perfection, the lead passing 
into the crystals. According to Mehu sulphur can be removed in 
great part by heating the bismuth above its melting point with excess 
of air, whereby the former is oxidised to sulphur dioxide. The 
remainder of the sulphur may be removed by melting the metal 
containing oxide of bismuth with soda, charcoal and tnrtar or soap. 
According to T(imm it may also be removed by melting bismuth 
with \vrought iron. Gold may be extracted from molten bismuth by 
the aid of zinc. Silver can be removed in the same way. The 
bismuth may be freed from zinc, according to Mrazok, by the aid of 
air. If copper, arsenic, antimony and sulphur are all present in the 
bismuth, Tamm recommends to remove first the copper, then the 
antimony, and finally arsenic and sulphur. 

Purijicatim of Bismuth in the Wet Way 

f 

This method is dearer than the dry way, but yields on the other 
hand a purer product. It is only employed when a basic bismuth 
nitrat^e is required for medicinal purposes, or when the metal is to 
be prepared for use in the laboratory. Herapath s process has for its 
object the preparation of basic bismuthic nitrate free from arsenic. 
He dissolves bismuth in nitric acid, precipitates the basic nitrate by 
diluting the solution with water, boils the residue with caustic potash 
or soda to remove arsenic or lead, washes the oxide thus obtained, re- 
dissolves in nitric acid, and again precipitates the basic nitrate from 
the solution by means of water. Deschamps produces pure bismuthic 
nitrate by dissolving the bismuth in nitric acid, any tin or tin 
oxide thus remaining in the residue, treating the solution with 
ammonia, which throws down bismuth whilst copper and silver 
remain in solution, boiling the precipitate with a solution of caustic 
potash, whereby lead and arsenic are dissolved, and dissolving the 
precipitate in nitric acid, and precipitating the basic nitrate by 
means of water. Schneider dissolves bismuth in nitric acid heated 
to between 75® and 90® 0., whereby the whole of the arsenic present 
separates out in the form of arseniate of bismuth with som^ basic 
bismuthic nitrate. (When cold nitric acid is employed, arsenite of 

^ ElemenU cf Metallurgy, London, 1891, p. 6U. 
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bismuth is formed, which is difficultly soluble in nitric acid, and quite 
insoluble in bismuthic niirate.) The solution thus obtained is 
separated from the residues by filtration through an asbestos filter. 
The clear solution is evaporat(kl, when crystals of nitrate of bismuth 
perfectly free from arsenic separate out. Hampe has proposed a 
process for the preparation of pure bismuth for chemical purposes. 
He melts bismuth with a mixture of sodic carbonate and sulphur^ 
producing bismuthic sulphide, which is dissolved in nitric acid after 
thorough washing ; he precipitates the basic nitrate by the addition 
of water, dissolves it again in nitric acid, and treats tlie solution with 
excess of ammonia for the 'precipitation of bismuthic oxide. The 
precipitated bismuthic oxidt^ is dried and reduced by hydn)gen. The 
composition of purified commercial bismuth is shown in the following 


analyses of Schneider : — 
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Physical Properties 

Tin has an almost silvery whiteness with a slight bluish tinge 
and a brilliant lustre< The latter depends to a large extent on the 
temperature at which it is poured ; if the temperature were too high, 
the surface would show iridescent colours, while if poured at too low 
a temperature the surface would be dull. The admixture of small 
quantities of foreign metals (lead, arsenic, antimony, iron, bismuth) 
also diminishes the lustre of tin. 

Tin is dimorphous. It crystallises in the forms of the tetragonal 
and rhombic systems.^ The tetragonal form is obtained by reduction 
from a solution of stannous chloride, or by cooling molten tin at 
the usual temperature of the air. Bhombic tin is produced by a very 
gradual cooling of molten tin at a temperature slightly lower than its 
melting point. The structure of tin is distinctly ciystalline ; if the 
sur&ce of tinned plate or tinfoil be etched with hydrochloric acid 
which contains free chlorine, or with stannic chloride, it becomes 
covered with a pattern resembling frost pictures on windows {moir4 
metallique), A bar of tin emits, when bent, a characteristic creaking 
noise, the so-called **ciy” of tin. This is due to its ciystalline 
structure, the individual ciystals grinding against one another on 
bending. 

Some kinds of tin when exposed to severe cold ( — 20'* C.)' acquire 
a rod-like or columnar structure. At lower temperatures still 
( - 40^ C.), the rods or columns break up into grey friable grains. These 
small grains from their characteristic colour are known as the grey 
modificcUicn of tin. The exact cause of this molecular change is not 
known; under these conditions (and presumably as the result of 
them) certain kinds of tin break up, while others are not affected. 
If a small quantity of the grey modification be hammered into some 

1 V. Foullon, Jdhrh. der K. K. Oedoi. Bekheanultat, 1884, p. 867. 
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ordinary tin, the latter in a short time changes into the grey modifi* 
cation.^ The specific gravity of cast tin is 7-291, of rolled tin 7-299# 
of electrically deposited tin from 7-143 to 7*178. That of the grey 
mo^fication varies about a mean of 7*196 (Bammelsberg), while this 
variety after remelting has a specific gravity of 7-310. 

Tin is harder than lead but softer than gold. It is so eCKtensible 
at ordinary temperatures that it can bo beaten and rolled to thiti 
leaf (sheet tin and tinfoil). At higher temperatures its extensibility 
diminishes, until at 200" C. it is so brittle that it breaks to pieces 
when hammered, and can be powdered. If the tempemture at which 
tin is cast be either too high or too low, it will b<‘ ** short,” ie, brittle* 
The addition of 1 per cent, to 2 per cent, of copper or lead increases 
the hardness and tenacity of tin. 

Tin is ductile but possesses little tenacity ; it is most ductile at 
about the temperature of 100® C.; a wire 0*08 inch in diameter 
breaks under a load of 54 lbs. 

The melting point of tin is given differently by different 
observers:— Creighton, 228®, Eudberg, 228*5®, Kupffer, 232®, Person, 
232*7®. It boils at a white heat (between 1600® and 1800®.), and 
bums with a white flame in the air at this temperature, forming 
stannic oxide. Its linear expansion* by heat, according to Calvert and 
Johnson, between 0® and 100® C., is 0*002717 ; its specific heat 
between 0® and 100® C., according to Begnault, is 0*0562 ; its con- 
ducting power for heat is 145 to 152, when silver is taken as 1000 
(Wiedemann and Franz); its conducting power for electricity at 
21® C. is 11*45 (Mathiessen) or 14*01 (Becquerel), silver being taken 
as 100. 

Tin is usually contaminated by iron, arsenic, antimony, load, 
copper, bismuth, tungsten, molybdenum and stannous oxide. The 
effects of these impurities are: — ^Iron, if present in considerable 
quantities makes the tin hard and brittle ; arsenic, antimony and 
bismuth, if present to the extent of 0*5 per cent, reduce its tenacity ; 
copper and lead (1 per cent, to 2 per cent.) make it harder and 
increase its strength, but make it less malleable; tungsten and 
molybdenum render it less easily fusible; stannous oxide reduces 
its tenacity ; sulphur is said to render it ** short.” 

The Chemical Properties of Tik and rrs Compounds, which 
ARE OF Importance in rrs Extraction 

Tin at ordinary temperatures is not acted on by either air or 
water. In air, at temperatures above its melting point, it becomes 
^ CAem. Zeitung, 1S92, pp. 16, 1107 ; 1696, pp. 17, 1886. 
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white film, 

iSriTXtMheating » chaaged iitte 

oxide, the so-called m fVhe 

eettlplete conversion into stannic oxide is asoetsiiMi lljf Mdsiiig the 
tin to a red heat, and also by the presence of liMui. 

Tin decomposes steam at a red-heat, being oxidised to stannic 


oxide. 

Tin dissolves in hydrochloric acid with liberation of hydrogen and 
formation of a solution of stannous chloride ; the conoentmted hot 
acid dissolves it briskly ; cold, dilute acid, on the other hand, acts 
very slowly. 

Cold dilute sulphuric acid has veiy little action on tin; the 
hot concentrated acid however, fonns with it a solution of stannous 
sulphate with evolution of sulphur dioxide.^ 

Ordinary nitnc acid, ot specific gravity 1 3, oxidizes tin to 
white hydrated metastannic acid, insoluble in excess of nitnc acid ; 
highly diluted nitric acid is reduced hy tin with the formation of 
stannous nitrate and an ammonium salt The most concentrated 
nitric acid has no action on tin 

Aqua regia diasolven tin forming stannic chloride , if there be 
excess of nitric acid present metastannic hydrate is produced 

Warm concentrated solutions of either caustic potash or soda 
dissolve tin with liberation of hydrogen, forming stannate of potash 
or soda. 


Oxygen Compounds of Tin 

We know two compounds of tin with oxygen, stannous oxide, 
SnO, and stannic oxide or stannic acid, Sn02. Stannous oxide acts 
as a base, while stannic oxide acts both us a base and as an acid. 

Stannous Oxide, SnO, 

is obtained by treating stannous chloride with alkalme carbonates and 
boiling the resulting white hydrated stannous oxide with water 
containing a very small quantity of potash, insufiScient to dissolve 
the hydrated oxide. This oxide takes the form of small glisten- 
ing black crystals, which are not altered by exposure to air at 
ordinary temperatures, though when heated in the air they take fire 
and bum, forming stannic oxide. 

The hydrated oxide passes gradually in the presence of water 
into hydrated stannic oxide. 

> flMiit researcheB ihow that atannio, and not rtatinoua, sulphata ia formed. See 
/o«nt. C^nt. lud. 1886, p. 814» 
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a k tm%m w iifi ihm or )ti kk t/llM by 

heMk|^ tin to A Wgh teibpeioiniia in the air» or hy utennone 

hydrate, or by igniting etannone otakta 

Stannic anhydride in the pure etate poesesses a irlliliite or etraw^ 
yellow colour which on heating changes to a transient brown. I^ia 
otide is reduced to the metal by heating it with carbon. It is 
insoluble in all acids, but dissolves in aqueous solutions of the 
alkalis. 

Htamiic Aati, H^SnO^, 

is prepared as a bulk)^ w hite precipitate h> treating stannic chloride 
solution with itnunonii it is soluble in sulphuric and nitric acids 
with fomiatioii of ox} salts ot tin, and in a<]ueous solutions of the 
alkalis with formation of salts of stannic acid (stannates). 

A modification (»f stjuiiiic acid, the so-called imtaatanmc acid^ 
Hi^Sn^Oig, is distinguish* si its insolubility in acids. It can be 
obtained as a white powder by treating tin with nitric acid Ordinary 
stannic acid is converted long contact with water into this 
modification. 


CHLOUIDEh OF Tin 

Tin forms two compounds with chlorine: stannous and stannic 
chlorides. 

Stannous Ohlonds^ SnC^, 

is obtained by acting on tin wdth hot concentrated hydrochloric 
acid. 

Stannic Chloride^ SnCl4, 

is prepared by dissolving tin in aqua regia, or by passing chlorine 
through a solution of stannous chloride, or by burning tin in dry 
chlorine gas. 

OXY-SALTS OF TlN 

Among these must be mentioned the svlphate and the niirate of 
tin. The former is prepared by dissolving tin in boiling concentrated 
sulphuric acid. The nitrate is obtained when tin is treated with 
dilute nitric acid. 

Sulphides of Tin 

Tin forms two compounds with sulphur, stannous sulphide, SnS, 
and stannic sulphide, SnSs- 

The aiannous mljphide is obtained by melting together tin and 
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sulphur, or hy the action of sulphur vapour on Snely divided tin. 
It is a leeden^grey foliated mass with a metallic lustre. It can be 
obtained as a brown precipitate of bydrosuipbide by passing sul- 
phuretted hydrogen through a solution of a stannous oxy-salt or 
stannous chloride. 

tannic sulphide can be prepared in the form of golden yellow, 
glistening scales by heating together tin filings, sulphur and 
salammoniac ; it is known under the name '"mosaic gold.” The 
hydrosulphide can be prepared as a yellow precipitate by passing 
sulphuretted hydrogen through a solution of a stannic oxy-salt or 
stannic chloride. 

Phosphorus and arsmie combine with tin directly as well as 
indirectly, forming silver- white brittle substaitces. 

Alloys of Tin 

Tin alloys with most metals in almost any proportion ; of these 
Alloys many, on account of their special properties, are applied in 
the arts. Among them must bo mentioned the tin-copper alloys, 
e.g,y bronze, gun-metal, bell-metal ; the tin-lead alloys, e.g.y pewter, 
tin-foil, soft solder; the tin-antimony alloys (sometimes with the 
addition of lead and copper), e.g., bearing-metal, britannia-metal ; 
the tin-bismuth-lead alloys used for type, calico-printing-blocks, and 
•castings ; the tin-zinc alloys used for imitation silver leaf ; and tin 
amalgam used lor silvering mirrors. 

Tin Orbs 

The only ore of tin which is used for the extraction of the metal 
is tim, stone or cassiterite, SnOg, containing 78'6 per cent, of metal. It is 
found in lodes, stockworks and beds, and also in secondary deposits 
of water-worn particles, the so-called alluvial deposits. The ores 
obtained from the former deposits are called lode-ores, those from 
the alluvial deposits, stream tin, uxMhed tin, tin-sand, Uade tin, 
barilla. 

The lodes are found in the older rocks, in granite, gneiss, mica- 
«chist,greis6n and clayslate, the cassiterite being usually accompanied 
by quartz, mica, fluorspar, apatite, felspar, soapstone, tourmaline, 
•chlorite, topaz, axinite, sulphides of various metals, mispickel, specular 
iron ore, magnetic iron ore, native bismuth, wolfram and molybdenite. 

The alluvial deposits are formed by the weathering of the lodes 
and surrounding rocks. They are therefore usually found occupying 
old river beds, and mostly in the neighbourhood of the original lode. 



The ores from them are io^rariably purer, because by the aotiou of 
the atmosphere and running water, a portion of the injurious im- 
purities, e.g,, arsenides and sulphides, have been decomposed and 
carried away. 

Tin ore is found in England, Sweden, Russia (Pitkaranta in 
Finland and Transbaikalia in Siberia), Saxony, B<dbemia, Spain (in 
the province of Galicia), Portu^l (Zamora), France (Morbihun, 
Vaulois, Cieux, Montebras), in the United States (California, Dakota, 
North Carolina, Virginia, Alabama), Mexico, Brazil; Peru, Bolivia, 
Chili, China, the Malay Peninsula, Sumatra, &nca, Billiton, 
Carimon, Burmah, Siam, Anam, New South Wales, Queensland, 
Western Australia and Tasmania. 

The most important localities whidli at present furnish a supply 
of tin ore are, in England, Cornwall and Devon, where the deposit 
have been worked since the time of the Phoenicians. The alluvial 
deposits are exhausted and at the present time the ore is obtained 
from lodes and branches from them into the enclosing rock. Alten- 
berg, Oeyer and Zinnwald in Saxony, must be mentioned ; in these 
localities the ore is found in stockworks; alsoGraupen and Schlaggen- 
wald in Bohemia, where it occurs in similar deposits. The quantity 
of oro produced in Saxony and Bohemia is small in comparison with 
that obtained from England, Australia and the East Indies. In 
France, tin stone is found in Brittany (at Villeder and Piriac) and in 
Creuse (at Montebras), but only in small quantities ; also in small 
quantities in Spain (in Galicia). 

Beyond the continent of Europe the most important localities 
where tin has been discovered arc ; — ^in the East Indies (alluvial 
deposits), Banca, Billiton, Sumatra, the Carimon Islands, the Malay 
Peninsula ; in Australia, both alluvial deposits and lodes are found in 
New South Wales and Queensland. The most important Australasian 
locality is Mount Bischoff in Tasmania, whore the ore is found in 
alluvial beds, in lodes, and in stockworks or pockets. A dyke of 
eurite and porphyiy having broken through the Silurian shales and 
sandstones, these latter are, at their contact with the dyke, all 
Clacked and fissured, and the fissures are filled with tin ore, and 
arsenical and copper pyrites. These sulphides increase in quantity 
with depth. 

Tin is also found widely disseminated in Bolivia at Choiolque, 
Oruro, Potosi and Porco. 

The greatest amount of stream tin is produced in the above- 
mention^ localities in the East Indies. 

Tin stone possessing a fibrous structure is known as wood tin,. 
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The mineral tin or MUnMki cr€ may eleo be refefted to 
ae it contains tin to the extent of 25 to 28 per cent. It ooitoilbi 
of an isomorphous mixture of the sulphides of tin, einc, iixm atul 
copper ; the only place where crystals of it have been found is Huel 
Bock, St. Agnes’, Cornwall. On account of its rarity it is not used 
as a source of tin. 

The Extraction of Tin from the Ore 
The diy method is principally used for the extraction of tin, but 
wet methods are used in some cases to assist in the separation of 
certain injarious impurities. Different proposals for the treatment of 
tinstone by electro-metallurgical methods have been made, but they 
appear to have no prospect of success. Proposals have also been 
made for the treatment of tin slags in this way, but it does not appear 
that there has been any practical application of them so far. 

Wet methods as well as electrical methods have been applied to 
the recovery of tin from refuse, especially from tinned plate cut- 
tings. 

The metal obtained from tinstone is nearly always contaminated 
by foreign elements and therefore needs to be purified from them. 
This purification, the refining of tin, is done in the dry way ; it can, 
however, be done with the assistance of wet methods. 

We have therefore to distinguish : — 

I. The extraction of tin in the dry way, subdivided into : — 

A. The extraction of tin from tinstone and from the inter- 

mediate products and dross obtained during the j)rocess. 

B. The refining of tin and working up of refinery dross. 

C. The extraction of tin from shimmings and other forms of 

dross. 

II. The extraction of tin in the wet way. 

III. The extraction of tin by electro-metallurgical methods. 

I. The Extraction of Tin in the Dry Way 
A. THE extraction FROM TINSTONE 

The extraction of tin from tinstone depends upon the reducibility 
of tin oxide by carbon and carbonic oxide at a high temperature. 
The reduction only commences at a white heat. If the tin ore be 
accompanied by oxides of other heavy metals, especially ferric oxide, 
as is usually the case with lode ores, these are reduced at tho same 
time, part of the reduced metal going to contaminate thd tin and 
part forming furnace sates and bears. Further, the reduced iron 



TIN 


8St 


separatee the metals from any sulphides present, and these allogr 
with the tin. Stannic oxide acts as a base to silicic add, land, 
therefore, if the latter be present, the tin ore will form with it a 
very infusible slag. The difficultly reducible monoxide bases (the 
alkalis and the alkaline earths), towards which stannic^ oxide acts as 
an acid, will, if present, likewise form slag. In consequence of the 
contamination of tin by the heavy metals and the formation of $om 
and hears, on the one hand, and the slagging of the^tin oxide by 
silica and alkalis on the other, it is absolutely essential that the 
tin ore bo frciid as far as possible from impurities before reduction, 
whether the latter is to be periormed in reverberatory or in shaft 
furnaces. This is done partly by mechanical dressing of the ores, 
and partly by the use of chemical means, such as n>ast{ng or treat- 
ment with acids. The preliminary cleaning of tin ores therefore is 
an important part of the extraction of tin. Tt is not practicable, 
howt'ver, to free tin on' completely from its impurities, and it is, 
accoidingly, necessary that the impurities remaining in the ore after 
tho preliminary treatment should be carried away in a suitable slag. 
Further, it is necessary 'that even with a pure ore a suitable slag 
should be produced, in order that the reduced tin, which oxidises 
very readily on exposure, may be protected. The j)roduction of an 
easily fusible slag (from ferrous oxide and lime) would, for the reasons 
given above, give rise to tho reduction of iron and the slagging of 
till oxide by the lime; it is preferable therefore to produce only a 
por|)ortionally small quantity of a difficultly fusible slag, in doing 
which it will be impossible to prevent an important quantity of tin 
being mechanically enclosed. This slag must be freed from its 
contained tin by resmclting ; this prolongs the process and tends to 
a correspondingly increased expenditure in fuel. 

We have therefore under the extraction of tin from tinstone, to 
consider ; — 

1. The purification of tinstone from injurious impurities. 

2. The reduction of tin ore, 

1. THE PURIFICATION OF TINSTONE FROM INJURIOUS IMPURITIES 

The purification of tinstone from, the greater part of its im- 
parities is readily done by taking advantage of its high specific 
gravity, its stability at a red heat and its insolubility in acids. 

In consequence of the high specific gravity of tin ore, it is 
possible to remove earths, quartz, silicates, as well as most of the 
metallic oxides, by mechanical treatment. The stability of tinstone 
at a red heat allows the hard siliceous pieces of ore stuff to be cal- 
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cined previous to dressing until they are brittle, and by the oxidation 
which takes place during the roasting, sulphur, antimony and arsenic 
are driven off from their compounds in the ore. The insolubility of 
tin ore in acids permits the removal of bismuth and copper from the 
roasted ore by means of acids. In many cases the tin ore contains 
tungsten compounds, such as wolfram (FeMn)W04, scheelite CaW04, 
or tungstite WOg. When such ore is fused with alkaline fluxes, e,g, 
soda or sodic sulphate, at first tungstate, and afterwards stannate 
of the alkali are formed. By employing a suitable quantity of fluxes 
the tungsten can be removed while only a trace of tin is lost as 
stannate. This method for the removal of tungsten from tin ores was 
tried, but has been abandoned. The causes of its abandonment 
are said to be the high cost of the process itself, the restricted 
market for alkaline tungstates, and the loss of tin by the formation 
of sodium stannate, and also the disappearance of tungsten from the 
ore in Cornwall. As tungsten compounds, on account of their high 
specific gravity, cannot be separated from tin ore by dressing, the 
separation is effected in many places by hand picking and careful 
sorting. 

With stream tin a mechanical dressing suffices in most cases to 
produce a pure tin ore ; with lode ores, however, roasting, and in many 
cases solution processes, must be used to assist the mechanical 
cleaning. If the lode ore contains much quartz or gangue, calcining 
to render it brittle, and therefore better fitted for crushing, is found 
useful before the dressing {Altenherg tin zwitter). 

By the mechanical dressing to which the ore is subjected, either 
with or without previous calcination, the gangue, earths, quartz and 
oxides of the heavy metals are for the most part removed, while the 
sulphides, arsenides and tungsten compounds nearly all remain with 
the ore. 

In order to remove sulphur and arsenic, and also to convert the 
metals, with which they are combined, into oxides, the ore is subjected 
to an oxidising roasting, which is followed by a washing to remove 
the metallic oxides formed during the roasting. If the ore contains 
a great proportion of arsenic, as is the case in Cornwall, it is sub- 
jected to a second roasting followed by another washing, in order to 
remove the last portions of that impurity. When copper and 
bismuth are present, the oxides of these metals, which are formed 
during the roasting process, are extracted by acids before further 
washing; dilute sulphuric or hydrochloric acid is used for the 
purpose. 

Tungsten used formerly to be removed after the washing by 
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fusion of the ore with soda or glauber salt. By a judicious com* 
bination of these processes — dressing, roasting, and lixiviation — the 
tin contents of the ore can be raised from between 1 per cent, and 
2 per cent, to between 50 per cent, and 70 per cent. 


The Boasting of Tin Ore 

The dressed oro, which still contains sulphides and arsenic com* 
pounds, principally iron and copper pyrites and mispiekel ts subjected 
to an oxidising roasting in a reverberatoiy furnace. Sulphur and 
arsenic are expelled in the form of sulphurous and arsenious acids, 
and the metals with which they were combined are converted into 
oxides. The arsenious acid is collected in long flues and con- 
densing chambers, while the sulphurous acid is allowed to escape. 

The dressed ore usually contains between 25 and 30 per cent, 
of tin. 

If much arsenic be present in mi ore, the greater portion of it is 
not removed in a single roasting; such ores must therefore be 
roasted more than once. 

The chemical changes brought about by the oxidising roasting of 
a finely divided mass of tin ore, iron pyrites, copper pyrites, mispkkel, 
bismuth and tungsten compounds — such as frequently forms the 
material for the extraction of tin — are as follows < 

The iron pyrites is partly converted into ferric oxide and partly 
into ferric sulphate, sulphurous acid being at the same time liberated. 
The ferric sulphate, as the temperature rises, is split up into ferric 
oxide and sulphur trioxide or sulphurous acid and oxygen. The 
sulphur trioxide acts on the sulphides, and also on the arsenides, 
which are still imchanged, oxidising them. 

Copper pyrites is changed into a mixture of copper oxide and 
copper sulphate. 

The tin ore remains unaltered, except a small portion which is 
changed into stannic sulphate. 

Bismuth ores are converted into bismuth oxide. 

Leucopyrite loses the greater part of its arsenic as arsenious 
acid ; a small portion of the arsenious acid, however, is changed to 
arsenic acid and forms arseniate of iron with some of the iron. 

Mispiekel is converted into a mixture of ferric oxide, ferric sul- 
phate and ferric arseniate, with disengagement of sulphurous and 
arsenious acids. 

Tungsten compounds are unaltered. 

The copper in the ore is, as &r as possible, converted into copper 
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sulphate, so that the latter may be extracted from the roasted 
charge by lixiviation. 

As the result of the roasting there is obtained a mixture containing 
tin ore, oxides of iron, copper and bismuth, sulphates of copper and 
iron, a little tin sulphate, ferric arseniatc, wolfram compounds, and 
small quantities of unaltered sulphides and arsenides. 

Ferric arseniate is moderately stable at high temperatures ; i 
order to decompose it, it is well to mix powdered coal or organic 
substances such as sawdust or pine needles with the charge. The 
iron is thereby converted into fi'rric oxide, while the arsenic acid is, 
by means of the carbon, converted into arsenious acid and suboxide 
of arsenic, carbon dioxide being produced. 

Reverberatory furnaces for roasting are of two kinds : a, those in 
which the roasting chamber is fixed, and, 6, those in which the 
whole or part of it is movable. 

The latter are used in places where the coat of labour is 
high, or where the ores contain large quantitits of sulphur and 
arsenic, and where there is a large quantity of ore to be handled. 
This is, for example, the case in Cornwall, where furnaces of the 
former kind have been almost entirely replaced by those of the latter. 
Most recently, furnaces with partly movable roasting chambers (the 
Brunt on calciner) have given place to the more t‘fFcctive and 
cairacious Oxland furnace, in which the whole chanibiu* moves. 


a. Furmccs with fixed Rousting Chamhers 

These possess either elliptical, rectangular or square beds, with only 
one working door in the short side opposite the fire. The length of the 
hearth varies from 7 feet 3 inches to 16 feet; the width (in elliptical 
beds the width of the widest part) is from 5 to 11 feet ; the height 
of the roof above the bed is from 1 to 2 feet. The choige varies with 
the size of the furnace from ^ ton to 1 ton. 

The arrangement of the furnace used in Saxony is shown in Figs. 
278 and 279. 

The ore is dried on the roof of the furnace and dropped into 
the roasting chamber through the opening a ; d is the chimney ; c, a 
flue by which the arsenious acid passes to the condensing chambers 
and towers. The chimney d can be completely shut off from the 
Toasting chamber by the slide 6; similarly the flue c can be shut off 
from the roasting chamber by a slide or a damper. 

In roasting ores containing arsenic in this furnace, the slide h 
must, at the beginning, be closed, and the fhmace strongly fired ; 
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a great quantity of areemous acid ie given off by the ore, and this, 
as the chimney is closed, must pass into the condensing chambers. 
' When the arsenious acid ceases to be given off, carbon is mixed with 
the charge to decompose the arseniates which have been formed* the 
opening into the flue leading to the condensing chambers is closed, 
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and that leading to the chimney is opened ; the products of roasting 
then pass into the sir. 

If the ores contain very little orno arsenic, the gases from roasting 
and from the fire are allowed to pass at once to the chimney. With 
this kind of ore the furnace is at first gently fired, and the tempera- 
ture gradually raised as the sulphur is driven out of the charge. 

During the roasting, the charge must be regularly raUbled and 
turned from side to mde, in order to brii^ each part of it cooianualljr 
into contact wilh the air, and also to prevent any firitting t<^her. 
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A charge contains 12 to 15 cwt.; the time of roasting depends 
on the amount of arsenic in the ores ; those which contain no arsenic 
will require from 6 to 8 hours, whilst those which do contain arsenic 
may require as much as 24 hours. 

One or two workmen are required for each furnace. At Tostedt 
(Ltineburg Heath) furnaces with two working doors in the longer 
side are used. The charge contains from 16 cwt. to 1 ton. In 24 
hours, from 16 cwt. to 2 tons of ore are roasted, according to the 
amount of sulphur present, the consumption of coal is 16 cwt., and 
one man on each shift is required for two fumacea 

At Par, in Cornwall, furnaces With elliptical hearths are used ; 
the beds are 7 feet 3 inches long, 6 feet wide, and the height from 
bed to roof in the middle of the bed is 1 foot 4^ inches. The 
flues for condensing tnmenious acid, more than 300 feet long, are 
6 feet 6 inches high {aHll feet 2 inches wide, and have cross-walls 
projecting alternately i||ILg||ch side; at the end of the flue is a 
high chimney. The chaHHbsists of 10 to 12 cwts. and remains 
in the furnace 10 to 13 gentle red heat, being rabbled at 

intervals of 20 to 30 ininu®Kr The coal consumption varies from 
2 to 2*6 cwts. 

Ores containing excessive qu^mtities of arsenic arc washed and 
subjected to a second roasting for 8 or 10 hours. 

At Treloighwood, in Cornwall, the furnace bed is 10 feet square, 
and tho fireplace 2 feet 6 inches square. One ton of ore there 
requires 3 cwts. of coal. 

6. Furnaces with partly movable Boasting Chambers 

Among fomaces of this kind must be mentioned the Brunton 
calciner which is used in Cornwall ; the construction of it is shown 
in Figs. 280 and 281, in which a is the revolving bed carried by a 
vertical shaft. It consists of an iron frame, the upper sur&ce of 
which forms an iron table fitted with concentric ridges; between 
these ridges are courses of fire-brick. The bed has the shape of a 
flat cone, the sides of which possess an inclination of } inch to the 
foot. The diameter varies between 8 and 14 feet. In the furnace 
figured in the text it is 12 feet 

The vertical shaft, on which a large toothed wheel is keyed, is 
driven by means of the water wheel A through the cpgwheels h and 
bevel gearing i. The bed makes revolutions in an hour.^ The 
roof is 11 inches above the bed; e is the hopper through which the 

1 Phimps’ p. 518. London, 1891. 
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ore is fed, and which is fitted with an automatic arrangement far 
feeding. Above the bed are ‘two or three fixed rakes with inclined 
tines 3 inches long, fixed in a frame. By the revolution of the 



Fig 281. 


table and the inclination of the prongs of the rakes, the ore is 
gradually worked from the centre to the edge of the table and 
landed finally at the discharge opening by the movable shoot p. 
Heie it is, according to the position of the shoot, which is worked 
by the handle I, discharged alternately into one cf the two chambers 

0 c ^ 
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h ; the mouth of the chamber, while it is being emptied, is closed 
with a slide. 

In a furnace of this sort 2 to 2| tons of ore are roasted in 24 
hours with a consumption of 2^ cwts. of coal per ton of roasted ore. 

The washing of the roasted ore concentrates the tin to about 70 
per cent., after which it can be roasted a second time at the rate of 
about 3 tons per 24 hours. The Brunton calciner has recently, in 
many works, been replaced by the revolving calciner of Oxland and 
Hocking. 


Furmcea with movable Boasting Chamber 

Of this kind of furnace that of Oxland and Hocking may be 
taken as a type. It is used in Cornwall, and has proved itself 
specially suited for roasting ores rich in sulphur and arsenic. 

The arrangement adopted in English tin works is shown in 
Figs. 282 and 283. 

B is the revolving cylidjjkr from 30 to 40 feet long, and from 
4 to 6 feet in diameter ; it ll b^t of boiler plate, lined with fire- 
brick. As the ore travels forwOT by the turning of the cylinder, 
it meets four projecting longitudinal ridges of firebrick (see Vol. I, 
Fig. 64) between which it lies. The inclination of the cylinder 
depends on the nature of the ore to be roasted ; with easily roasted 
ores it is greater than with those that require more time. The 
cylinder is provided with 3 bearing rings which work on friction 
rollers c. Motion is communicated to the cylinder by the action 
of the bevel wheel Z on the toothed wheel D, which is bolted to the 
shell. 

The air which is necessary for oxidation enters the cylinder, 
warmed by its passage through the flue i in the roof A of the fireplace. 
The ore is fed into the upper end of the cylinder through the hopper 
h fitted with an automatic feeder. The longitudinal ridges, by the 
revolution of the cylinder, alternately raise and drop the ore when 
it reaches its angle of repose. Thus the ore is brought into repeated 
contact with the hot gases and air in the cylinder. Having arrived 
at the lower end of the cylinder, the ore falls through the opening e 
into the arched chamber F, from which it is removed through the 
door /. The cylinder makes from 3 to 8 revolutions per minute 
according to the nature of the ore. 

The hot gases and vapours pass from the upper end of the 
cylinder into the system of condensing chambers h, a, o, p, in 
which the arsenious acid is deposited, and thence to the chimney. 
The deposit is removed through the openings m, m, which are built 
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up during the working. The condensing chambers are covered with 
cast iron plates g, on which the ore is dried before roasting. 



One man and a boy per shift of 8 hours are needed for the 
working of each ftimace. The consumption of coal is considerably 
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less, and the output considerably greater, than in the Brunton 
calciner ; 20 to 25 tons of ore, according to the amount of sulphur 
and arsenic it contains, can bo roasted in 24 hours with the 
consumption of 1 cwt. of coal per ton of ore. 

Treatment of the Eoaaied Ore 

After the ore is roasted for the first time, if it contain copper, it 
is washed with water, in order to extract the copper sulphate 
foriKiod during the roasting, after which hydrochloric acid or 
dilute sulphuric acid is added to dissolve the copper oxide. From 
the washings the copper is precipitated by scrap iron. Oxides of 
iron and bismuth will also be dissolved by the hydrochloric acid. 

At Altenberg, in Saxony, where the ores contain bismuth, the 
f)re is allowed to remain, in contact with hydrochloric acid for many 
hours in wooden tanks ; after this, the solution of bismuth chloride 
which is obtained is diluted with water in a second set of tanks in 
onler to precipitate basic chleride of bismuth. The liquor is then 
run off into a row of vats where t||^ basic chloride settles down, the 
solution is separated from the precipitate, and the latter dried and 
smelted in graphite crucibles with lime and charcoal. 

llemoml of Tvnigsten from the Boasted Ore 

The wolfram, which cannot be removed either by dressing nor by 
extraction with acids nor by roasting, used to bo extracted at the 
Drakewells Mine by fusing the roasted and washed ore with soda 
ash. This process, due to Oxland, depends upon the conversion 
of wolfram into sodium tungstate which is soluble in water. The 
process was carried out in a reverberatory furnace, the hearth of 
which consisted of a shallow cast-iron pan. 

The construction of this furnace is shown in Fig. 284 ; a is the 
cast-iron pan into which the charge is introduced through the 
opening z in the roof; h is the fireplace. The flame passes first 
over the pan and firebridge then down the vertical flue f and 
along under the pan, finally issuing to the chimney ^, through the 
flue r. The quantity charged at one time varied from 10 to 11 cwt. ; 
with coarse ore, a greater quantity was charged at one time. 

The ore was first changed and the soda ash added as soon as it 
had attained an incipient red heat. The mass was then well rabbled 
and brought up to a bright red heat. The quantity of ash 
added was such that a small excess was present beyond that which 
was needed for the formation of sodium tupgstate. In working this 
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process the charge must not be allowed to melt, the particles of tin 
ore being kept unfused. The charge remains 2 ^ to 3 hours in the 
furnace, after which a portion only of it ia* drawn off through an 
opening in the bed (not shown in the figure), into an arched chambei 
underneath. In 24 horn's, 3 to 4 tons of ore can be worked with a 
consumption of 6 cwt of coal. The fused mass is placed while still 
hot in Hxiviating tanks and there treated with water ; the solution 
obtained is evaporated cither to the strength at which it will 
crystallise, or to dryness ; in the latter case the residue will contain 
70 per cent, of sodium tungstate. 

The residue from the Hxlviation is washed till the oxides of iron 
and manganese, formed by the decomposition of the wolfram, are 
completely removed 

This method has been given up, or is only rarely used; it is 



FfO. 2»4. 


expensive, and there is some loss of tin, consequent on the formation 
of stannates ; and further, the market for tungsten compounds is 
limited, and their price is low. 

Glauber salt, or sulphate of soda, being cheaper than soda ash, is 
used in place of it, coal being added to decompose the sulphuric acid. 
The furnace is first worked with a reducing flame, which with the 
coal present in the charge reduces the sulphuric acid of the glauber 
salt to sulphurous acid which escapes ; the furnace is then worked 
with an oxidizing flame by which the wolfram is converted into 
sodium tungstate and oxides of iron and manganese. 

The charge is 9 cwts., and 4 charges are worked in 24 hours. 
The mass is lixiviated, while still hot, in tanks filled with water. 
Both solution and residue are treated in the same way as in the soda 
ash method. This process, which demands great care, has, on the 
above-mentioned grounds, also been given up. 

A method has been proposed by Michell for treating ores which 
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^ntnin itt the same time copper and wolfram. The ore is sulyected 
to a chloridising roasting with common salt, by which the wolfram 
is oAiverted into sodium tungstate, and the copper to copper chloride ; 
arsenic, antimony and bismuth, if present, will be volatilised as 
chlorides. From the solution which will contain the copper and 
tungsten, the former can be precipitated with iron, and the latter by 
calcium chloride as calcium tungstate. This practice has also been 
given up, though it was for a time used in Bohemia and Cornwall. 

At present the most practical way is to separate the wolfram 
from tin ores by hand picking. 

Ore which has been once roasted and washed, if it is free from 
sulphides and arsenides, or if it contain very small (piantities of 
these, is smelted for the production of tin. If, however, it contains 
considerable quantities of these impurities, as is usually the case 
in Cornwall, it is subjected to anoth(*r roasting and washing 
for the removal of the last portions of the sulphur and arsenic, 
and of the oxide of iron formed in the roasting. This second 
roasting and washing would be performed in the same plant as the 
former ones, and the ore, after this treatment, would bo smelted to 
produce tin. 

In Bohemia, Saxony, and sonut English works, ores are only once 
washed and dressed. The dressing of the roasted ores is done in 
(yomwall by round buddies and kieves, and occasionally, as at 
Abertham, near Barriugen, in Bohemia, in centrifugal jigs. 

2 . TTIE REDUerriON OF TIN ORE 

The reduction of tin ore is effected by smelting it with carbon. 
In this process only just enough slag must be formed f.o protect 
the reduced tin firom oxidation by the air, unless additions are 
required to keep the charge open, or unless considerable quantities 
of impurities have to be removed. The reason for this is that tin 
oxide has the power to act either as a base or as an acid, and, con- 
sequently, is veiy easily carried into the slag. The tin oxide which 
is carried into the slag can be reduced to metal by employing a 
suificiently high temperature ; but the latter is always contaminated 
by other metals reduced at the same time from their oxides in the 
slag. This is Specially the case with iron (and copper, if it be 
present). Further, shots of tin, or prills always become entangled 
in the slag. 

The first principle of the reduction of tin ore, therefore,' is to 
keep the quantity of slag as small as practioabb. This renders it 
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necessaiy that the ore should be concentrated as &r as possible 
before smelting by the preliminary treatment (dressij^, roasting, 
lixiviation). If tungsten minerals remain in the ore when it is 
smelted, part of the tungsten goes into the tin and part into the 
slag, making it less easily fusible. 

The reduction process can be carried out in a shaft furnace or in 
a reverberatory furnace. 

Shaft furnaces are only used where charcoal can be obtained at a 
low price. Coke would cause the formation of a groaier proportion 
of slag, on account of its high percentage of ash, all of which would 
have to be converted into slag ; it is therefore not used. If the ore 
is in the form of powder, as is usually the case, as the result 
of the previous dressing, some material must be added to the charge 
to loosen it, and slags are chosen for this purpose; this causes 
a still further increase in the amount of slag pn>duoed, and a 
connsponding rise in the (piantity of tin which is slagged away. 

Tin produced in shaft furnactMs is less pure than that produced in 
reverberatory furnaces, because of the more perfect rt*duciion which 
takes place in the former. 

It is possible in the shaft furnace to remove volatile impurities 
more completely than in the reverberatory furnace, but the loss of 
tin by volatilisation is greater than in the reverberatory furnace. In 
(»rder to prevent as far as practicable the reduction of foreign metallic 
oxides, and the admixture of the corresponding metals with the 
tin, shaft furnaces should be comparatively low ; this, however, reduces 
the output of the furnace. Also, for the reasons given above, the 
temperature at the tuyeres must be kept as low as practicable, and 
therefore it is not possible to increase the production of the furnace 
by heating the blast further, the tin, on account of the ease with 
which it is oxidised, must be removed as soon as possible from the 
stream of air entering the furnace. 

The reverbeiatoiy furnace needs no addition of any material to 
charges of fine ore for the purpose of loosening it ; it allows the use 
of solid crude fuel, as well as of gaseous and liquid fuels; it is 
capable of a greater output than the shaft furnace, and permits the 
pr^uction of a purer tin, on account of the less severe conditions of 
reduction. 

This form of furnace requires that carbon be mixed with the ore 
as a reducing agent. A non-caking coal is the reducing agent 
usually adopted, and if it contain a small percentage of ash, a 
smaller proportion of slag is produced than in shaft furnaces. In 
the same way there is a smaller loss of tin through volatiliaatiom 
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The disadvantages of the reverberatoiy furnace are that the bed 
retains a proportionately greater quantity of tin, which can only be 
recovered at the end of a campaign, and that the slags are richer in 
tin. In spite of these, however, tin ores are preferably reduced in 
reverberatory furnaces. Shaft ftimaces are only used where it is 
possible to get charcoal at a low price, and where coal is at the same 
time dear, and where small quantities of coarse-grained ore have to 
bo smelted. At the present time, therefore, the use of reverberatory 
furnaces is on the increase. Shaft furnaces, which in the past were 
widely used, are now only to be found in the places where the above 
conditions exist 

a. The Reduction of Tin Ore in Reverberatory Furnaces 

Reverberatory furnaces are used for the smelting of tin ore in 
England, Australia, France, Tasmania, California, Singapore, and have 
been introduced recently into Germany, at Tostedt, near Hamburg. 

The furnace consists of an elliptical bed, built of fire-clay, from 
4 feet d inches to 12 feet in length, and from feet 3 inches to 
8 feet in greatest width. The length most usual at present in 
England is 12 feet, and the width at the widest part, 8 feet. At 
Villeder, in Franco, the length of bed is 11 feet, the width 6 feet 
6 inches, and the mean height of the roof above the bed, 12 
inch<*s. Smaller • furnaces have the following dimensions: — length 
of bed, 4 feet d inches ; width of bed at the widest part, 3 foot 
4 inches ; width at the fire-bridge, 2 feet 4J inches ; width at the 
-end, whore the flame leaves the bed and enters the flue, 1 foot 
3 inches. 

These furnaces have two working doors — one in the short side 
opposite the fire, and one in the long side at the back of the furnace ; 
in the front of the furnace is the taphole, and below it is the pot to 
receive the metal. 

The construction of a small furnace, with a bed of 4 feet 6 inches 
in length, and 3 feet 3 inches in width, is shown in Figs. 285 and 286 ; 
€ is the bed, h the working door at which the ore is charged, o the 
working door at which the slag is drawn. The bed is supported by 
a grid of iron bars, under which is the vault A, which serves 
to keep the bed cool ; d is the firegrate with the fire-door, c ; ^ is 
the fire-bridge, through which a channel is built to keep it cool ; / is 
the opening by which the flame leaves the furnace ; n is the flue anil 
m the chimney ; t is a subsidiary stack connected with the firq-jfiace 
by the opening, a, in the roof, into which the products of combustion 
are led while the furnace is being charged, in order to prevent the 
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fine ore being drawn into the chimney , h is the taphple, which ib 
connected on the outside of* the furnace with the kettles, Z, I, for 
receiving the metal. 

The construction oi a larger furnace is shown in Figs. 287 and 
2^8 ^ ; the bed of this one is 12 feet in length and 8 feet in width. 
A IS the bed, B the charging door. E the door for drawing the slag, 
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C the fire-grate with fire-door J), G is the kettle or float for re- 
ceiving the tin, and IT is a cast-iron kettle, heated by a separate 
fire underneath, which serves to receive the metal when the crude 
tin is refined by liquation in the same furnace ; it is also used to 
contain the liquated metal while it is being hoiUd, N is the stack, 
built and bound in with the furnace, and connected with it by an 

1 For drttwings of the most recent form of Comiah fomaoe, aee also H. Louis, 
« The Metallurgy of Tm.” The Mmerai Indwitiry, 1806, voL ▼. p. 038. 
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inclined ilue. The kettle for receiving the metal when the furnace 
iti tapped is lined with fire-clay. The weight of the charge of ore for 
this pattern of furnace varies, according to its size, and the richness 
of the ore, between 15 cwt. and 4 tons. 

The ore before it is charged into the furnace is mixed with one- 
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fifth of its weight of non-caking coal or anthracite, as low as possible 
in ash, and sometimes with a small quantity of lime or fluor- 
spar to flux the constituents of the ash of the coal. The mixture is 
wetted to prevent the dust being carried away during charging, and 
thrown on the bed through the charging door, after which it is 
levelled fix>m both working doors. 
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The normal working of a charge, which according to its siae 
remains from 6 to 12 hours in the furnace, is as follows : — First, all 
doors being shut, a regular fire is applied during from 6 to 8 hours. 
At the end of this time, the fused mass is thoroughly stirred, this 
being done through the slag door, the position of which under the 
chimney prevents the stream of air which rushes in from coming in 
contact with, and oxidising, the tin. After this a strong heat is 
applied for a further period of from | to I hour, and the chaige is 
again stirred. The reduction of the tin, as well as its s^pamtion from 
the slag, should now be complete. The slag is now either skimmed 
off from the metal through the slag door, after being stiffened by the 
addition of fine coal, and the tin is run out with a small quantity of 
slag ; or else both slag and metal are tapped together In the latter 
case the slag is allowed to set ’* on lop of the metal in the iK>t, and 
then lifted off. The tin is now either cast into ingots or passed on in 
the liquid state to be refined. A spongy mass of slag remains on the 
bod after tapping: this retains mechanically a considerable quantity 
of tin prill ; it is drawn through the slag door, after which the 
furnace is again charged. 

The whole process lasts from (i to 12 hours aoconling to the size 
of the charge and the quality of the ore and fuel. In Cornwall 7 
hours are required to \vork a charge of 22 cwt. ; in France one of 1 J 
tons is worked in 6 hours ; and in Australia 1 ton is smelted in 12 
hours. 

The coal consumed varies from 66 to 120 jier cent, of the ore 
smelted, when it is rich (65 — 76 per cent, tin) ; for poorer ores and 
larger furnaces 50 per cent, of coal is enough. From 1 to 3 work- 
men on each shift are required to work a fumaoe. The loss of tin in 
smelting is from 5 to 7 per cent.^ 

The pioducts of this process are tin and slag. The tin, if 
derived from a pure ore, will be at once taken in the fluid state to be 
refined either in the boiling kettle or in a special refining furnace ; if 
•it be impure it will be cast into ingots and subjected to liquation. 
The slags are silicates of tin and of the other metallic oxides con- 
tained in the ore; they also contain tungstic acid if wolfram be 
present in the ore. Their constitution varies ; in most cases they ore 
mixtures of mono- and bi-silicates, and contain mechanically enclosed 
prill as well as oxide of tin. 

The following analysis gives the composition of ore slag examined 
by Berthier; it had been run in a reverberatory furnace at 


^ Engineering and Jaumai^ 1802, voL 54, No. 1, g. 8. 
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PoulIaQuen, in France, from an ore from Pirifio, and drewed tin 
dross: — 


SiO, . . . . 

. . . 40*0 per cent. 

SnO, .... 

.... 8*4 „ 

FeO .... 

.... 20-8 „ 

MnO .... 

.... Ill „ 

CaO .... 

.... 3-6 

MgO .... 

.... 1-0 „ 

AlgO, .... 

.... 96 „ 


94-0 


Three sorts of slags are usually distinguished, viz. : — 

(1) Poor slags which can bt* thrown away. (2) Richer slags (5 
per cent, tin) containing mechanically enclosed prill, from which the 
richer portions can be separated by a dressing process, to be afterwards 
smelted up with tin produced by smelting slag : and (3) the slag 
remaining on the bed after tapping, which contains a large quantity 
of prill ; this can be treated by smelting it with tin ore or with the 
rich product obtained by dressing the above mentioned second kind. 

In Cornwall, ores which have been concentrated from 2 per cent, 
to 66 or 70 per cent, by dressing and containing 4 to 6 per cent, 
of iron, are mixed with one-fifth of their weight of anthracite into 
charges of 22 to 24 cwts. and smelted in 7 hours in furnaces 
of the laiger pattern, shown in Figs. 287 and 288. It is only rarely 
that fluorspar, lime or common salt is added as a flux in the 
case of difficultly fusible ores. 100 parts of ore in a state of fine 
division called alimes require 110 to 120 parts of coal, exclusive of 
that used as a reducing agent, and produce 60 parts of crude tin 
with a loss in smelting of 6*5 per cent. 

In Australia (Sydney and Brisbane) ores of 69 to 70 per cent, are 
invariably smelted with Australian coal in charges of 1 ton; 12 
hours is required for a charge. At Mount Bischoff the ores are 
dressed up to 47 or 48 per cent, and are smelted at Launceston in 
small reverberatory furnaces. The loss of tin is 4*27 per cent, and 
the fine metal obtained contains 99*85 per cent. Sn. 

At Villeder, in France, where the furnaces are 11 feet in length 
on the bed, with a width at the widest part of 6 feet 6 inches, the 
charge consisted of 1^ ton of ore and 6 cwt. of anthracite, and is 
smelted in 8 hours. In 24 hours, 6 tons of ore are worked a 
consumption of 9 tons of coal, exclusive of the anthracite mixed with 
the charge ; 1 workman manages each fuxnaoe. 
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At San Jacinto,^ in GaUfomia, crude petroleum was used, being a 
cheaper fuel at this place than coal would be. 

At the Tostedt Works on Lttneburg Heath (Ereis Haarburg), in 
1895, Bolivian, Spanish and African ores, varying in richness fiom 
40 to 74 per cent, were smelted in Cornish Aimacess after a 
preliminary roasting : there are 2 smelting furnaces, I small one and 
1 of the largest sise. In the small furnace the charge is 30 to 30 
cwts. of roasted ore, and in 24 hours 72 cwts. are smelted with a coal 
consumption of 48 cwts.; each shift consists of 2 men.'' The larger 
furnace which needs a gang of 3 men on each shift, takes a charge of 
3 to 4 tons ; in 24 hours 132 cwts. of ore are treated with a consumption 
of 64 cwts. of coal. The slag produced from ore smelting containa 
20 to 25 per cent, of tin and is rensmelted in the same furnaces. In 
the smaller furnace with a gang of 2 men, 90 cwts. of slag are 
smelted, 44 cwts. of coal being consumed : in the larger furnace, with 
a gang of 3 men 180 cwts. of slag are treated in 24 hours, 60 cwts. 
of coal being required. The slag prcKluoed from this second process is 
again smelted 2 or 3 times in shaft furnaces for the recovery of 
the tin it contains. 

Smelting in Eeverheratory Furmces in the Straits SetthTnents 

In general outline, the process is a development of the Australian 
one; Australian smelters having been employed to work out a 
method which was adapted to the conditions prevailing in the 
Straits Settlements. 

The furnace employed is larger than those usually found in tin 
works : the charge of ore is 4 tons, and the size of bed 16 feet x 9 
feet. Charges of 6 tons have been worked, but this was only possi- 
ble in a gas regenerative furnace, in which the working was not 
satisfactory.® 

An important and novel feature of the Straits furnace is the 
V water-vault.” In ordinary furnaces the leakage of tin through the 
bed into the vault is considerable, even when the utmost care is 
tAlf ATi to secure a tight job, and the melted metal has constantly to 
be ladled out of the vault. Some, however, always penetrates into 
the foundations, below the floor of the vault, and into the ground 
still further down; it travels onward and downward under the 
fluid pressure, which is considerable, as long as the ground has 
a temperature above the melting point of tin, 260^ 0. The brick- 

^ Mngw/uring oaid MininQ Joy/nuU^ 1S02, voL 54, No* 1, p* S. 

* MoKillop and,ElU8, Inst. Civil Bng,\ 1006-1800. 
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The amount of tin which accumulated in and under a ftunace 
which has been working for some time is Viry great, and as it can 
only be recovered when the furnace is demolished, the charge for 
interest is heavy. 

The water-vault furnace ^ completely obviates these difficulties. 
The vault is deeper than in the ordinary Aimace, and consists of a 
water-tight tank extending under the whole area of the bed and 
fire-bridge, so that all leakage shall drop into it. It is filled with 
water to a depth of at least 6 feet, and the result is that tin drop- 
pings are at once cooled and retained in the vault. At the end of a 
week or fortnight the water is pumped out and the granulated tin 
recovered. If care be taken to maintain a sufficient depth of water 
in the vault, no explosion can occur, as any red-hot charge &lling 
into the water is quenched. Danger exists when there is insufficient 
water ; in this case when a red-hot charge falls into the vault, instead 
of merely raising the temperature of a large body of water, it converts 
the smaller quantity into steam with explosion ; 8 feet of water has 
been found sufficient in practice. 

The variations in practice in the Straits Settlements aro such 
that t^e slag from smelting ore in moderately rich in tin, while the 
metal is very pure. The ore slag is smelted with culm and sufficient 
iron to displace all the tin from the silicate of tin (“ glass-slag ”) 
formed in the first process. The result is a clean and poor slag, 
which can be thrown away, and a metal containing considerable 
quantities of iron. The latter is removed by liquation and refining, 
and is used for decomposing frosh charges of slag (silicate of tin).^ 

5. Ths Seduction of Tin Ore in Shaft Furmceo 

The extraction of tin in these furnaces is practised in Saxony, 
Bohemia, Bolivia; Billiton, Banca and the Malay Peninsula, and 
other parts of the Far East. 

Shaft furnaces must be low because otherwise foreign oxides 
would be reduced and their metals would alloy with the tin; wwc 
would also be formed in the furnace. They are, therefore, not built 
more than 10 feet in height. As the reduction of the ore demands 
a high temperature, the shaft is contracted at the zone of iu6ion. 

^ MoKillop and Ellis, foe. cA. 

* See Louie, Tht Mweml AuitiJtry, voL v. 1896. 
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prevent the femue^ 
tion of earn on the 
sole - block, these 
furnaces are always 
built <ni the **^oilr** 
principle,^ and are 
usually worked 
with an open tap-- 
hole or eye. They 
are provided with 
dust chambers to 
collect the volatil- 
ised tm and the 
fine ore which is 
earned away by the 
blast *** 

The construc- 
tion of a furnace 
at Altenbeig, in 
Saxony, is shown 
in Figs. 289 and 
290. 

In these k is 

the mner lining of 
granite 10 feet 2 
inches high, which 
IS enclosed on three 
sides by the granite 
or gneiss outer wall 

r\ V is the front i.-.g i » t > t.o tf ft 

wall. The sole fio. wo 

block 0 is firnned 

by a gxamte slab mclined at an angle of 26"*, and well covered over 
with a brasque of fire-clay containing a small proportioii of coal 
dust The furnace cavity which diminishes in area from above 

^ t.e. with an anmngament by which the tin ooUecta m a pot {vorHegd) emtaida 
of the chamber in which the Todnotion takes place See vdl i, p. 8S. 
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downwards is trape 2 x>idal in horisontal section. The blast enters 
through two tuyeres in the back wall of the furnace. 

The fused products pass through the open eye of the furnace 
into the vortiegd tv, hollowed out of a slab of brusque which forms the 
fore-hearth of the fomace. Here the tin and dag separate from each 
other; the slag is allowed to flow over the dag«*notch and over an 
iron plate u connected with it, into the tank ff. The latter is filled with 
water, and by means of supply and discharge pipes can be kept at a 
fixed temperature. The slag, which contains tin mechanically 
enclosed, is chilled in the water^^d is thereby brought into a 



suitable state for subsequent crushing. The tin is tapped through 
the taphole z from the vortiegel into the tapping pot {deMierd) s ; 
the taphole is 3} inches wide, and passes through the iron 
plate or, which is 4^ inches thick. The etediherd is made of either 
cast-iron or granite, with a lining of clay, and is 1 foot 7 inches in 
diameter and 1 feet 4 inches deep. Beyond the fhrnace is a system 
of dust chambers not shown in the figure. 

The construction of a furnace at Oraupen, in Bohemia, is shown 
in Figs. 291. 292 and 293. 
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and trapezoidal in horizontel section. The seotionai aiea’of the 
cavity is diminished from a^ve downwards by the oonvemnce of 
the Bide walls. The lengths of the parallel walls at the mowth are - 
front 1 foot 6 inches and the back 1 foot 8 inches : at the tuyere 
lo'^el the lengths are ; — ^the front 10 inches, the back 18 inches. The 
inclined sole-block is formed of a fine grained sandstone ; formerly 
porphyry was used for this purpose. The inner lining is built of a 
fire-resisting stone. 

In Banca, three-tuyere furnaces are used (Vlandeeren's frimaoe). 
They are worked on the spilr prinmple, and are square in section inter- 
nally. They are 9 fret 2 inches in height, and the blast is supplied 
by a fiui : the construction of one is sbmn in Figs. 294 and 295.^ 

A is the shaft, B the open eye (taphole) of ti)e fiimace, C is the 
spwtiegel (cavity in which the runnings collect), if are the tuyeres, 
D is the frn. These ftimaces have replaced the older CSiinese 
furnace with advantage. The smelted tin is ladled out of the 
spwtiegel into iron moulds and sent to market, the hard tin [FeSn J 
which remains behind (in the being first liquated. 

In the Malay Peninsula almft furnaces are also us^. They have, 
however, very largely gone oirt of use at the present time, especially 
as regards the older Chinese furnace* built of wooden stakes and 
clay. The dressed ores are now in part smelted in reverberatory 
furnaces. The older Chinese furnace was built as follows : — wooden 
stakesS feet long were fixed in the ground close together, so as to form 
an mverted truncated cone 6 feet 6 inches high, with a diameter at the 
top of 5 feet, and at the bottom of 3 feet 4 inches. They were then 
bound together with flat bands of rattan, and the whole of the interior 
of the cone filled with clay well rammed together; in this the furnace 
cavity proper was then hollowed out. This cavity was 5 feet deep 
and had a diameter at the top of 1 foot 6 inches, and at the bottom 
of 10 inches. The opening by which the blast was admitted was 
placed 3^ inches above the lowest point of the cavity. The primitive 
blower was made out of a hollowed tree trunk, with 2 air exits and 
clack valves, and a piston which was moved backwards and forwards^ 
by a coolie. 

The shaft furnaces in the larger works in the state of Perak in the 
Malay Peninsula are built of brick with an outer wall of rough 
masonry, «-tiH are worked on the principle with open They 

^ Joarboeds van Ut Mijnweun in Neiderlandich Oovtdndk, 1878. 

• For full defloriptioiM of the OhioMe metkods of nuritiDg, lae fi. Louis, **The 
MotaUurgr of Tin.” 7 %e Minarai 1896, voL v. pp. ti44dMq, 

» Cramer, Outerr. ZeU^ehr. 1894, p. 548. 
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The construction of a furnace of this kind can be seen from 
Figs. 296 and 297. It has only one opening for the admission of the 
blast, which is produced in the primitive manner described above in 
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andi $8 a fltiz. A basic iron slag could not be used fin* this 
{Mttptek because of the slagging of tin and reduction of iron, and 
consequent fonnation of sam or biars which would result. The foreign 
constituents of the ore pass chiefly into the slag, but part of the met^s 
reduced from them, especially iron and copper, alloy with the in. 
If the ores contain wolfram, part of tungsten is found in the slag, 
and part in the tin. In this case the slag will be less fusible. 

Tin and slag tojgether run from the furnace into the forehearth 
and arrange themselves according to their densities ; if the tin con- 
tain iron, a difficultly fusible alloy of tin and iron, the so-called 
hardhead frequently separates out in the forehearth. The slag is 
either lifted off the tin, or allowed to run over the slag-notch (gener- 
ally into a tank containing water). The tin is usually tapped from 
the forehearth into' a tapping pot placed in front of it. 

The amount of slag added to the ore may be as much as 50 per 
cent. ; the total quantity worked depends on the size of the furnace, 
and amounts to upwards of ^ tons in 12 hours ; 32 cwts. of ore con- 
taining from 50 to 60 per cent, of tin will require nearly 7'6 cubic 
yards of wood charcoal. One or two labourers are required for each 
furnace. The loss of tin is 15 per cent., of which from 8 to 9 per 
cent, is carried away by volatilisation. The products are crude tin, 
slag and the so-called hardhead. 

The crude tin from the blast furnace is not yet pure and must be 
refined. Its composition, according to an analysis by von Lill of 
a sample from the Schlaggenwald in Bohemia is : — 


Sn 97 ’339 per cent, 

Pe 0-684 „ „ 

Cu 2-726 „ „ 

As trace 

S trace 


100-749 

The slags are silicates of the metallic oxides contained in the ores, 
particularly ferrous, manganous and aluminous oxides with small 
quantities of silicates of lime and magnesia. They also contain tin 
oxide, partly combined with bases, partly with silica, and partly as 
undecomposed oxide mechanically held by the slag. When wolfram 
is present in the ore, the slags will contain also tungstates of iron 
and manganese. They ore, according to the proportion of silica 
which they contain, a complicated mixture of mono- and bi-silicates 
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with vftnAtal6 <}UADAiti€8 of oonpoundB of stwtuuo and tungstio j 
and thoy always contain consideiable amounts of motaUio tin pitftty 
in a state of fine division and partly in the state of coarse prilL 
The composition of these slags oan be seen &om the two ftillowing 
analyses of specimens from Altenberg:^ — 



I. 

u. 


LampsdinA. 

Berthier. 


Pet cent. 

Peroeat. 

SiO,. . . . 

. . . 20K>5 

'M-O 

SnOg . . . 

. . . 25-12 

32-0 

WO, . . . 

. . . 

1-0 

FeO . 

. . . 80-15 

41-0 

MnO . . . 

. . . — • 

1-Y 

CaO . . 

. . . 1-10 

8-7 

MgO . . . 

1-28 

1-7 

A1,0, . . . 

... 5-0 

2-4 


82-66 

9»-5 


The slag is subjected to repeated smeltings with charcoal in shaft 
furnaces in order to extract the tin it contains. The first time 
this is done (the so-called scAtackenverandern), it produces slag-tin 
{stkUickmxinn), and a slag which contains mechanically a large 
quantity of metallic tin. This slag is smelted again and yields 
^Mackmnm,, and a second slag which still retains metal mechanically. 
These latter slags, as well as slags rich in tin from the preceding 
processes, are subjected to a process of dressing, in order to get a 
product rich in tin, which can be added to slag- or ore-charges ; at the 
same time the refuses obtained in smelting and refining, such as 
liquation dross, hardhead, skimmings, furnace dross and flue dust, 
are worked up. 

The smelting of slags is done either in ore furnaces, following 
' immediately upon the ore smelting, or in special shaft furnaces of 
small height to prevent the reduction of ferrous oxide. 

It frequently happens in smelting ores containing iron, and more 
so in smelting slags, that tin-iron alloys (handhead) are formed, which 
deposit in the finehearth. These alloys, which have a grey or white 
colour and a crystalline structure, and are very brittle, axe formed in 
consequence of the property of tin of uniting in all proportions with 
iron to fonn a series of alloys of very sim i l a r properties. Alloys of 
this kind, possessing the fixrmula Fe^Sn (Berthier), FeSn (Deville and 
Caron), and FeSn^ (NttUner) have been isolated. 
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1 3!!he aoniKMitioo of hardhead fiiom Alteabw^ in Stamy will bo 
MMNI from the following analyses :*~> 


8n . . . 


I. 

lAunpAdtiu. 
Per cent. 

ao*5 

Fe 48 n. 

tl. 

Beraellue. 
Per cent. 
31*4 

III.' 

jreroenb. 

82*22 

Fe Sn 2 - 

IV. 

Plattner. 

Percent. 

80*80 

Fe . . 


61*5 

62*6 

64*14 

17-16 

W. . 


0*0 

1*6 

1*64 

— 

Am . . . 


1*45 





— 

Cu, . 







0*00 

Cartxni . 


0*05 


— 

0*06 

Slag . . . 

. . . 

3*51 

2*4 

— 

— 



08*81 

08*0 

08*00 

100*00 


Hardhead is smelted with the other rehise products of tin 
extraction. 


Examples of Shaft Fwmace Practice 

The tin-bearing rock niined in Altenberg and Zinnwald in 
Saxony, called zinnzwUter^ is concentrated by dressing and roasting 
from j per cent, up to 50 or 60 per cent, of tin, and is smelted with 
wood charcoal in the above described furnace with the addition of 
from 25 to 50 per cent, of slag from a previous similar process, 6 or 7 
per cent, of dressed furnace dross and variable quantities of washed 
drosses and hardhead. 

The furnace is worked without a nose on the tuyere. 

Tin and slag collect in the forehearth whence the slag is allowed 
to flow into a tank containing water, while the tin is tapped at 
intervals of 8 to 12 hours into the tapping pot ; if the tin remains 
longer in the forehearth, hardhead separates out there. 

When the furnace is working properly, the tin which runs from 
the furnace should be red-hot, and the charcoal visible through the 
tuyere hole should be at a yellow heat ; if, however, the temperature 
rise too high, both the fuel visible through the peephole, and the 
issuing tin will be at a white heat. 

' In 24 hours, 82 cwts. of ore and 16 cwta of slag can be worked ; 
from 7-2 to 7*8 cubic yards of charcoal are used for every 2 cwts. of tin 
produced. The loss of tin amounts to 12 or 15 per cent, of which 8 
or 9 per cent are due to volatilisation. The campaign lasts only 8 or 
4 daya After the ore smelting, it is usual to follow on immediately 
in the same furnace with the treatment of rich dags and other interw 
mediate products. ^ i* 

The slags contain unaltered tin ore as •Well as tin in the form of 
prill. This treatment yields slag^in (atfiUhdnesim) and so-called 



vmibnderU " slags ^ontainjiig still laxge quantities of tin. Those are 
subjeoted to a farther smelti^ (the so-called in 

shaft famacea . 

The products of the ore smelting are crude tin, slag and hard- 
head. The crude tin is refined (either hy boUi^g or Uqfteting), 
the slags are further smelted to extract the tin they contain, and 
the hardhead, after a preliminary caloination, is added to the charge 
in the verandern. 

At Graupen, in Bohemia,^ ore is extracted from ‘'gneiss wldoh 
carries from } to 10 per cent, with an average of 2 per cent. When 
this is dressed it yields coarse concentrates, tin ore containing 
from 68 to 72 per cent, of tin, and slimes (ssAImIs) with from 45 to 
48 per cent. These are smelted in ooiyunctioa with ores from 
Bolivia, except when tin of special purity is required, in which 
case the concentrated ores are MUelted by themselves. Ores which 
contain bismuth are previous^ roasted and treated with hydrochloric 
acid for the extraction of that metal. 

The smelting of these ores is effected in the fiimaces described and 
figured above, which are worked with a dark top and without Ttaae. 
Slags are added to the charge as a flux. After tapping, the tin is 
skimmed in the tapping pot and cast into bars. The slag which flows 
into the forehearth with the tin is from time to time lifted off and 
thrown into water. If the temperature rises too high, wet charcoal 
is used. In 24 hours, 22 to 24 cwts. of ore are smelted, using 18 
cubic yards of charcoal. The slags contain 10 per cent, of tin. 

The first smelting (tcrdndem) of the slag, which is previously 
reduced to the size of peas, follows on the smelting of a run of ore. 
In this process a higher pressure of blast is used and the diameter 
of the tapbole is increased from inches to 8 inches. Further, on 
account of the greater fluidity of the slag from this operation, the tin 
is ladled from the forehearth ; if it were tapped into the sfecbAerd, the 
slag would run with it and would stop up the taphole. The slag 
obtained is quenched in water, crushed a^ smelted in the same furnace 
after the slag obtained from ore-smelting is finished. This second 
smelting of slag is called the treiben. The products are tin' and a twice 
smelted slag which still contains tin mechanically enclosed in it ; it 
is therefore stamped and washed, the portions rich in tin bring 
added to the chaiges in a subsequent smelting of ore or slag. Furnace 
residues (old bricks, &o., contaming tin) are also stamped and 
washed. 

In Banca the ore is first dressed and then smelted in the thiee- 

^ Balling, enlamcfe, fi. S90. 
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tvif«red Aimaoe, 9 feet 3 inches high, desoribedftlMm. The dhdting 
continues during 12 to 16 hours, being disooatiBned in the dajrrimc on 
account of the excessive heat In the 12 to 16 hours 3 to 4 tone of 
ore are treated, for which 30 to 33 cwts. of wood charcoal are 
required. The following may be quoted as the results of several 
nights’ work : — ^ 


Tabulated Resitlin. 



s 







Char- 



'S 


Sr. 



Time 


Ore smelted. 

coal 

Tin obtained 

lo 

Xight 

1 

i 





1 

UMd. 



§§ 

It 


1 


From 
p m. 

lo 
a lu 

No of 
Hours 

Lbs 

Moisture. 
Per cent 

Lbs 

Blocks. 

Lbs 


i«t| 

1 

___ 

4 

7.45 

15f 

9177 

0-6 

4842 

66 

4644 

50-7 

2 

— 

4 

8 

16 

9079 

2‘4 

4322 

72 

4975 

56*1 

2nd| 

1 

2nd to 
3rd 
, Nov. 

3.45 

,7.45 

14 

«881 

ri 

3492 

59 

4097 

60*1 

2 

5.45 

1 8 

14i 

6806 

1 _ 

1 1 

.3492 

58 

4140 

61*5 

8th 1 

1 


6 

6.45 

1 

! 7018 

1 2-6 

.3411 

58 

4142 

60*8 

2 

— 

1 « 

6.45 

j m 

1 7061 

' 2-5 

3492 

' 59 

4262 

61*9 


The smelting of slags and residues containing tin follows 
immediately after the ore smelting. 

The slags obtained in the above smelting of ore are subjected, 
immediately after the ore smelting, to a repeated smelting in the 
same furnace; a great part of the tin contained in them is thus 
extracted. 

In the districts of Perak in the Malay Peninsula] 26 cwts. of tin 
are produced in 12 hours with a consumption of an equal weight of 
charcoal. The newer furnaces, figured and described above, are 
employed. 


THE EXTRACTION OF TIN FROM THE INTERMEDIATE PRODUCTS AND 
DROSSES OBTAINED IN THE TREATMENT OF TIN ORE 

In the production of crude tin from tin ore the following interme- 
diate products and drosses are obtained, viz.: — slag containing 
tin, hardhead and the scum formed on the surftuse of the bath of 
metal in the tapping pot after the tin has flowed from the furnace ; 
also flue dust and furnace refuse (e.y. old bricks, fra, which ca^ tin). 

1 Communioation by Herr Neeb, from JaarboeJb v, A JfifnweMn ts Ktder~ 
Ifxndkk Ooa./9Mfie, 1878, part ii, pp. 98^98. 
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Slagtftvm ree^rherator y fumoMt. — These, which ara decorihed on 
page 898, are divided into three parta, one of whidk is thsswn away, 
another is smelted to extract its tin, and the third is etamiied and 
washed and the rieher portions of it thus obtained also smelted to 
extract the tin which it contains. 

The slags which are removed from the surfttce of the tin in the 
tapping pot, in which no prill is visible, are thrown away. 

Those in which prill is visible are stamped and washed, and the 
rich headings thereby obtained smelted in reveibera&ry ftimaces, 
yielding slag-tin, and slag which can be thrown away. 

The slags which remain on the bed of the ftirnace after it has 
been tapped ( spongy slagS), and are mixed with large quantities of 
tin, are usually smelted with charges of ore, but Si»inetimeB they 
are smelted with the rich headings the stamping and washing 
of slag. 

SUigafrom shaft furmm, described on page 407. These, as has 
already been explained under the extraction of tm, are subjected to 
repeal smelting, the so-called verUndim and ireibrn respectively in 
the shaft furnaces. The shg from the treiben, if worth it, js dressed, 
and the product, a slag rich in tin, is fit to be again smelted by adding 
it to charges of ore or slag. The tin obtained by smelting slag, the 
so-called slag-tin, is at least as pure as that obtained firom smelting ore. 

The first smelting of slag (wmndem) takes place usually 
immediately after the ore smelting, and in the same furnace. The 
smelting of the slag obtained from the first smelting, the so-called 
treiben, is perform^ in the same furnace immediately on the con- 
clusion of the first smelting, or in special shaft-fumaoes, known as 
The slag from the treibm is either thrown away, or if 
sufficiently rich in tin, submitted to a dressing process. These 
furnaces are sipiroftn^ and are of less height than the ore furnaces, 
in order to prevent as far as practicable the reduction of iron. Those 
in Saxony are 5 feet 6 inches high, and have a depth {%*€, from back 
to front) at the top of 2 feet 10 inches, and at the bottom of 2 feet 
4 inches. The cross section of the cavity is trapezoidal in shape, 
the front and back walls being parallel. At the mouth, the front is 
1 foot 6 inches wide, and the back 2 feet 3 inches : at the bottom 
of the cavity the fi^nt is 1 foot 3 inches, and the back 1 foot 
7 inches in width. 

Other residues and dxosses from the treatment of tin ore and 
from the refining are added to the slags when the latter are smelted. 
A higher pressure of blast is used in smelting slag than in smelting 
ore. 
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The so-called hardhead, the tin-iron alloy referred to above, is 
obtained in slag smelting in addition to slag and tin. 

The composition of a slag produced by slag smelting at Schlaggen- 
wald in Bohemia, is given in the following analysis by LilU : — 


SiO, . . . 

.... 24*06 per cent. 

WOa . . . 

.... 24-03 „ „ 

SnO, . . . 

.... 10-41 „ „ 

FeO . . . 

.... 20-76 „ „ 

MnO . . . 

. . . . 6-64 „ „ 

AlA- • • 

.... 9-00 .. 

Qto . . . 

.... 3-60 „ „ 

MgO . . . 

.... 0-37 .. 


97-76 


Berthier gives the following as the composition of a slag from the 
second slag smelting at Altenwald in Saxony : — 

SiO, 27 ‘6 per cent. 

SnOjj 6-3 „ „ 

WO 3 3-0 „ „ 

FeO 48*2 „ „ 

MnO 1-5 „ „ 

CaO 3-4 „ „ 

%0 1-6 „ „ 

AljOs 8*5 „ „ 

100*0 


In Banca the slag produced by smelting ore is smelted with 
dross in the above described Van Vlanderen's furnaces immediately 
after the conclusion of the ore smelting ; for example, there would be 
smelted in two furnaces of that type in 12 hours : — ^ 

186 lbs, dry tin refuse. 

9077 „ damp tin refuse containing 6*61 per cent, of moisture. 

12662 „ stamped slag „ 6*61 „ „ 

7724 ,, coarse ,, ,, 8*44 ,, „ 

These would consume 7060 lbs. of charcoal and would yield 
78 blocks of tin weighing 5475 lbs. 

The slag obtained from this first slag smelting would be again 
smelted in the same furnace with refuse, producing tin and a third 
slag. The charge would be : — 


7 

96 

1145 

lose 


lbs. dry tin dross. 

,, damp tin dross containing 
„ „ dneslag ,, 

„ „ ooone^ ,1 



cent, of moisture. 

M fl « 

l> 19 


» Jdhrb. der K. K. Btrg-Accukmkt rol 18, p. 64. 


* Neeb, foe. cit. 
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This would yield 236 lbs. of tin. 

The third slag obtained frem the above treatment would yet again 
be smelted for the extraction of its tin : — 

0 lbs. dry tin droM, 

65 „ damp tin drota. 

418 „ „ fine alas oontaiiiiag 6*26 per cent, of moiatore. 

680 „ coarae^g „ 9*0 „ „ 

which would yield 486 lbs. of tin. 

The fourth slag resulting from this last treatment would be 
stamped and concentrated by wastmug, the conoentrated slag 
being smelted in smaller furnaces with tin drosses abd richer 
concentrated slags from earlier smeltings. The fifth slag resulting 
from the above process would be again smelted after being stamped 
and conoentrated. The sixth and last dag thus obtained would be 
thrown away even though it were not quite free from tin. 

Hardkead, the tin-ircm alloy which ie formed in the smelting of 
both ore and slag, has already bean mentioned at page 407. This is 
added in the process of dag^amelting, especially in the tnilm 
process ; it is usually heated strongly with charcoal and suddenly 
quenched before smelting. 

Skimmmge formed during the pouring of tin are added during 
the smelting of ore or slag. 

Tke dust and jumaoe ref use are also smelted with slag ; they are 
usually put through a process of washing before being smelted. 

I. B. The Refining of Tin 

The tin obtained by the processes described above, known as 
crude or raw tin, is usually impure and carries different metals, e,g,, 
iron, copper, lead, antimony and arsenic, which deteriorate it It 
therefore requires to be fre^ from these impurities by a process of 
purification, the so-called refining. This purification consists of either 
•a liquation of the tin or a liquation followed by hotting or tossing. 
In the case of a very pure tin like that £rom Banca, it is only boiled. 

In the liquation the pure tin is melted out, while the impurities 
which are less fusible than the tin, remain behind in the form of 
alloys, known as liguationrdroBS, In hotting and tossing each portion 
of the melted metal is brought into contact with the air and the more 
easily oxidisable metals thereby separated as oxides. 

The purification of tin by liquation only (jpausskm) is practised 
in Saxony and Bohemia, while the purification by liquation and 
hotting is usual in England. 
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tf. The lAqmtion ^ Tin (AMAiii) 

The liquation C^jMmeehm or lowing (^JtSmn ”)» of tin, ii dbne 
immediately after it has been tapped fium the forehearth into the 
tapping pot, the so-called pausch-heerd being Used for the putpoee. 
This is an inclined plate of cast-iron with ridges on it, covered with 
clay; it is 3 feet 7 inches long and 2 feet 4 inches broad, resting on 
masoniy, with a cast-iron pot placed at its lower end. When in use, 
this plate is covered with a layer of glowing charcoal and the tin is 
taken irom the tappingrpot with a ladle and poured over it; 
the less fusible alloys remain behind while the purer metal 
runs off the inclined plate and collects in the pot at its lower 
end, this being also filled with burning charcoal. It is again ladled 
out of the pot and poured over the fuel on the plate, and this is 
repeated until it no longer leaves a residue behind it in passing over 
the plate. 

After this, the residues on the plate are all collected together and 
beaten with wooden hammers, by which process some tin is liberated 
and runs into the pot, while the less fusible alloys known as 
d&ineTl' remain behind. 

The tin which has collected in the pot is allowed to cool there 
until it shows a bluish brilliant surfoce, whereupon it is at once cast. 
It is either poured into moulds or on to a level, smooth, polished, 
copper plate, from 4 feet 2 inches to 5 feet 2 inches long, 2 feet 
br^, and ^ inch thick. In the moulds it takes the form of ingots 
or bars ; on the copper plate that of sheets inch thick. These are 
taken when cold to a rolling bench where they are rolled together 
and then beaten with wooden hammers. The rolled tin is known as 
rollmzinn or holUTmfin, The residues from liquation, called zinn- 
pausche or zimMrner, are essentially a tin-iron alloy containing varying 
quantities of tungsten and copper. They are usually worked up by 
adding them to the charge in slag smelting. The composition of 
liquation dross from Altenwald is shown in the two following 
analyses : — 

Lam|i^uB. Berttiier. 

Par cent. Pwr oont. 

Sn 68*18 72*02 

Fe 26*49 26*44 

W 6*14 1*04 

Cu 0*74 - 

90*00 100-00 

h. The Befining of Tin by ike JBngluh MeUwd 

The English method of refiining consists of a liquation of the tin 
in a reverberatory furnace an a subsequent toUing or toBOing. The 
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fttmftoe used for liquation is either Ihe ore siodtiiigforuaee or one (A 
similar oonstaruction* Xn such a furnace the .charge would be 6 or 7 
tons. 

The tin melts dowly and runs through the taphole of j^he fornace 
into a cast-iron pot pla^ below it. If., Fig. 28$, while the less easily 
fusible metals, together with some tin, remain behmd on the bed of 
the Aimace. Fi^ ingots are piled on the bed as those previously 
charged are liquated. When no more tin runs from the chaige, 
the temperature is raised until the residue on tho bed is uielt^, 
after which it is allowed to run into a separate pot; here the less 
fusible metals settle down to the bottom in the form of tin alloys, 
while the tin, which still contains small quantities of arsenic, sulphur 
and iron, remains liquid. This tin is cast in moulds, and as soon as a 
sufficient quantity has accumulated, is again liqiisded. 

The liquation dross and the residue on tho furnace bed are once 
more liquated, after which the infbsible portions are either added to 
charges of slag or thrown away. 

The tin which collects in the refining pot (jeettk), amounting to 
6 or 7 tons at one time, is kept at a high temperature by means of a 
strong fire underneath, while it is being hoUtd^ or more rarely, tmed. 

The boiling consists in introducing into the bath of heat^ liquid 
metal a log of green timber. The wood, at the high temperature, 
undergoes a dry distillation, and the gases and vapour given off set 
up a bubbling action in the bath of metal By this means every 
portion of the mass is brought into oontact with the air, the foreign 
metals and a portion of the tin being oxidised. The oxides collect 
together in a foamy mass, the so-called on the sur&ce of 

the metal. 

The duration of the boiling depends on the state of purity to 
which it is desired to bring the tin; if a high degree of purity be 
required, the boiling must be continued for many hours. It is con- 
tinued till the sur&ce of the molten metal, after removal of the scum, 
is bright and shining, sdter which the metal is allowed to stand quiet 
for some time (1 hour, more or less) in order that the heavy metals 
in the tin, especially copper and iron, may have an opportunity to 
settle to the bottom. After this, the scum is skimmed off and the 
metal ladled into moulds. The upper portions of the metal in the 
pot are the purest, the lower layers being only of common quality; 
the portions at the very bottom are usually liquated and boiled over 
again. 

The tin from the upper layers in the refining pot, described as 
refined tin, goes to the market in the form of ingots or of gram4in. 
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seecmd qoalityi eitheir from the loivef %edm of the mMil i«r 
the reflning pot— or produced by shorter by the muue 

of common tin. 

Orainrtm is made out of the purest block tin: the ingots are 
heated to a temperature of 200^ C.> when it becomes brittle and is 
beaten with a heavy hammer, or it is heated to near its melting point 
and then allowed to fall from a height of about 3 feet on to a flat 
stone. Grain tin is principally used in the dyeing and printing of 
textiles. ^ 

Tossing is sometimes resorted to in England instead of boiling. 
To do this the workman continually takes up a ladlefu of the melted 
metal and pours it back from a height into the pot This method 
also allows every portion of the mass to be brought into contact with 
the air. The products from tossing are the same as those from boil- 
ing. 

The refining of 6 or 7 tons of tin requires altogether from 6 to 7 
hours, viz., 


Liquation J to 1 hour. 

Boiling according to the punty required . 3 „ 5 hours. 
Settling and pouring I hour. 


Rsfining by boiling olons, immediately after the metal is tapped 
from the furnace, is only practicable when the tin is exceptionally 
pure ; it is done in the same manner as the boiling of liquated tin. 

c. P^rifieaiion of Tin by Filtration 

Repeated proposals to purify tin by filtration have been made, 
but so fiir have not been adopted. 

The first proposal of this kind by Lampadius was to filter the 
tin through quartz sand, or finely divided slag, which was to be 
previously heated ; the result, however, was most un&vourable. 

Carter proposed a filter of thin tinned sheet iron, the sheets 
being about 6 inches long and 4 inches broad. Five hundred of 
these sheets were to be wedged into a square frame, which was to 
be fastened in an opening of corresponding size in the bottom of a 
Passau graphite crucible. When melted tin was poured on to this 
filter, the tin coating of the tin plate became fluid, and allowed a 
veiy pure tin to pass the filter, while a pulpy mass of arsenic, copper, 
iron and tin remained behind. This proposal has found no practical 
application ; neither has that of Leidiseniing, by which the ^ was 
to be allowed to run through sieves of coarse and fine iron wira 
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2%e proAwi$ of th* refining of tin are Befined tin, liquation 
dross and boil seam. 

The composition of different qualities of pure tin is shown in 
the following analyses: — 


From Bftzony 1 From 8ehl«gg«UiW«Id.v 



BoUodTlu 

Bar Tiu. 

l^olM Tin. Fine Flk 


I. 

11. 

III. 

IV. 


Per oimt. 

Per cent. 



8n . 

99-76 

99-98 

99-66 


Ou 

— 


0-16 

Fe . 

0-04 

0-06 

0-06 

trace 

As 

traoe 

trace 

trace 

trace 

Banca tin is very pure, and oa that account is not refined. 



Dauca Tlu, 


Sn 


1. 

11 



99-961 

09-99 

Fe . 

• * • 

0-019 

00-2 


Pb 


0*014 



Ou . 

• 

O-006 

— 




Eugllflh Tlu 




I 

11. 

111. 

iSn . 

. 

99-76 

98-64 

99-73 

Fo . 

, , 

trace 

trace 

0-13 

Pb . 


— 

0*02 


Cu 


0-24 

1-16 

trace 



Tin from Plrlao In France. 



(Loire infdrieure ) 




I. 

11. 

III. 

Sn . . 


99*6 

97*0 

95-0 

Fe 



trace 

2-8 

1.2 

Pb . . 


0-2 

— 

3-0 

The impurities 

in Banca tin from six 

different districts can bo 

seen from the accompanying analyses ^ : — 





I. 

11. 

in ' 

IV. 1 

V. 


District. 

JebaeH 

Ullnju. 

Suiigoi Llat. 

I'auknl. 1 
pinang. 

Mciawung 

Sungei Sian. 

Fe . . 

0-0087 

0-0176 

0-0060 , 

0-0060 1 

0-0070 

' 0-0196 

•Pb . . . 


trace 

1 - 1 

— 

— 

— 

8 

1 0-0099 

0-0030 

0-0040 

0-0027 ' 

0-0090 

0-0029 

C . . . 

trace 

trace 

trace 

1 

trace | 

trace | 

j 

trace 


Methods of Working up Befinery Dross 

The refuse from refining oonsists of: liquation dross, skimmings 
and scum fix>m boiling, 

^ L5we, JaM. der K. K. Btrg-AcatUmie, vol. 13, pp, 68, 64. 

< L6we, loe, cU. * Berg.- und 1875, p. 454i 

VOL. 11 B B 
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The dross from the patischen process is added to the later slag 
charges. 

The residue from liquating tin in a reverberatoiy furnace is 
remelted in a similar furnace and run into a small pot, where 
a difficultly fusible alloy containing tin separates out at the 
bottom. This alloy is subjected to liquation' at a higher temperature 
in a reverberatory fiimace; in this way a portion of the tin is 
extracted, while hardhead remains in the furnace. This hardhead, 
if it contain much arsenic, is not worked up any further ; if free 
from arsenic it is added to charges of slag. The composition of the 
hardhead containing arsenic is : — 


Fe 62*50 per cent. 

Sn 17*25 „ 

As . * 19*02 

S 1*26 „ 


100*03 

The scum from boiling, which consists of oxides of the foreign 
metals originally present in the ore, with a large proportion of tin 
oxide and metallic tin, is smelted with carbon in a reverberatory 
fiimace. This yields tin and a black slag which contains prill, 
mechanically enclosed. The upper layers of tin collected in the 
tapping pot are sent into the market; while that in the lower 
portion of the pot is again liquated and boiled. The slag contains, 
besides prill, only about \ per cent, of combined tin, and, after being 
stamped and the tin picked out, is thrown away. 

I. c. — The Extraction of Tin from Skimmings and other 
bye-Products, 

Among these bye-products may be mentioned the drosses from 
melting tini the so-called tin ashes, and the skimmings from the 
, refining of crude lead which contains tin. Of other forms of refuse, 
tin plate cuttings may be quoted as a type. 

Dross produced in the fusion of tin is added to charges of ore 
when smelted, or in the refining ; should they be, however, in con- 
siderable quantity, they are sometimes smelted by themselves, in 
either shaft furnaces or reverberatory furnaces, the slag obtained 
being stamped and washed to extract the prill. 

Before being treated in reverberatory furnaces, the drossi^s are 
formed into lumps, which are first liquated. The residue from 
tl^ operation is sieved to separate the pulverulent portion, and then 
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melted in a small reverberatoiy furnace on a sand-bed. The tin 
obtained in this way is known as aschen-zmn, (ash- or dros8-tin\ The 
slags are stamped and washed, the richer portions being smeHed 
after the removal of prill by sieving. 

Lead ores containing tin are worked at Freiberg. The tin collects 
with the silver in the lead, and is separated during cupellation, in 
the earlier less fusible scories. These arc worked up by a process 
devised by Plattnei*.^ ^ 

The composition of the scoria* which contain tin is as follo^^'s : — 

PbO 70*86 per cent. 

SnOg 12*58 

SbgOft 12*50 

AsiO, 4*78 „ 

CuO 0*«l 

Ag. ...... . 0*25 

100*07 

These are fii*st converti»d into work-lead, and litharge* free from 
silver, by heating them in a reverberatory refining furnace with 6 per 
cent, of carbon as a reducing agent. The hearth of this furnace is 
8 feet 8 inches long, 8 feet broad, and 1 foot 8 inches deep, and is 
trough-shaped, and in it 4 tons of scorisB are treated in one day. 
The consumption of fuel for 100 parts by weight of scoriee is 12J- 
parts of coal and 7J parts of lignite; 100 parts by weight of scoriss 
yield 46 jmrts of work-lead, containing 0*4 per cent, of silver and 
63 parts of desilverised scoriee. The average composition of the 
latter is: — 


Pb . . . 

. . . . 58 per cent. 

Sn . . . 

. . . . 11-5 

Sb . . . 

. . . . 14-6 „ 

As . . . 

. ... 70 

Cu . . . 

. ... 0-2 ., 


92-0 


These desilverised scoriae are fined ” (/mcAen) in shaft furnaces 
with one and a half times their own weight of slag, consuming 
25 per cent, of coke, and yielding tin-lead, containing : — 


Sn ...... . 11*8 per cent. 

Sb 10*3 „ 

As 8'5 „ 


1 far doM Beirg,^ und Hmemeam tn S'ocAmii, 1888. 

I - 2 
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product, known as zimfrisMUi, is oottVerted by iui 
resting in a refining furnace, into scoria which contains tin, ma 
antimony-lead containing 15 per cent, antimony. The bed of this 
furnace is 5 feet 9 inches wide, 11 feet 6 inches long, and 14 inches 
deep, and the charges are each 2 tons in weight. 

The scoria separated in this process, known as mte ssmipvdeT 
(“first tin powder”), does not melt, and has a yellow colour, on 
account of the lead contained in it. Its composition is the 
following : — 


Pb . . . 

. . . . 68-83 per cent. 

Sn . . . 

. . . . 10-85 „ 

Sb . . . 

. . . . 11-89 „ 

As . . . 

. ... 3-0 

Cu . . . , 

... 0-66 „ 


95-13 


tons of thif^ zinnfriHchhlei are worked up in 24 hours, consuming 
20 parts of coal and 15 2 )arts of lignite per 100 of zinnfi'ischhki. 

The erstc zmn^ler is smelted in a shaft furnace with twice its 
weight of slag from the same process, or with slag from the first 
“ fining ” process. The coke used is 60 per cent, of the weight of 
zinnpuder, and the product is called secorid zinnfrischhlci ; each 
furnace smelts 7^ tons per day. 

This second zinnfrischUei is further converted into antimony-lead 
and second zinnpuder by an oxidising roasting in a reverberatory 
furnace. These substances contain : — 


Antimony-lead. Second Zinnpftder. 

Per cent. Per cent. 


Sb. . 

. . 18-0 

Pb . . 

44-74 to 49-86 

As . . 

. . 1-0 

Sn . . 

-27-69 24-28 

Sn. . 

. . 0-5 

Sb . . 

. . 13-22 „ 11-97 



Cu . . 

. . 0-96 „ 0-48 



As . . 

. . 2.72 .. 0-95 


The second zinnptider is smelted in a sumpf-ofen in charges of 
25 lbs. with 5 lbs. of coke, and yields tin-lead. This furnace 
is one with a deep receptacle at the bottom, in which the metal 
collects, below the tuyeres; it is 8 feet high and is provided 
with 2 tuyeres; it is 2 feet wide on the tuyere wall, and 1 foot 
4 inches wide on the front wall, and 1 foot 7 inches deep. The 
nozzles are 0*8 inch diameter, and the blast is worked under a 
pressure of 0*6 inch of mercury; 1|( tons of zinnpuder are put 



through in th^ duy. Tho is in n ciuit*hron jK>t, 

and, after the reinuval of the dross, oontehtis 


Sn 

83 per cent 

Sb 

n 

As 

1 

The slag obtained in the «»mcltmg t>t stmip^fda contains con 

siderable quantitie** (»f tin, bolh in 

a st»i;( of medianical molusion 

(up to 16 per unt ) and also in <hcTni(«* rombmation The 
following analysis gives its composition — 

SiO^ 

2866 pu ctnl 

SnO^ 

20 40 

PbO 

6 81 

CuO 

015 

FtO 

26 61 

MnO 

037 

ZnO 

0 70 

Al,(), 

1200 

C’aO 

815 

MgO 

078 

S 

008 


mi 

This is smelted in a shaft furnace hy itself with 20 per cent of 
coke, yielding the so-called slag-hn-lead and a slag which can be 

thrown awaj 


The former (the slag-tin-lead) contains 

Sn 

32 6 per cent 

Sb 

146 

As 

07 

The composition of the latter 

IS shown in the two following 

partial analyses — 

I II 

SiO, 

2982 308 

SnOi 

5 3 8*8 

PbO 

154 17 

CuO 

018 — 


The slag^tin-letid is melted in cast-iron pots, as the tin-lead is, 
and, like the latter, is an article of commerce 
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Tin Cuttings 

Cuttings from tinned plate, which contain from 8 to 9 per cent, 
of tin, are worked up most usually by wet methods, to extract the tin 
they contain. Dry methods have l^en proposed by (1) Outensohn, 
(2) Laroque, and (8) Edmunds. 

(1) Gutensohn’s method consists in heating the cuttings with 
sand in revolving cylinder ; the tin is melted off the iron, and takes 
the form of small grains ; it is afterwards separated from the sand 
by sieving. 

(2) Laroque proposes to heat the cuttings with powdered 
charcoal and 0*5 i^er cent, of salt in a pot. This pot is fitted in 
lhc‘ middle with a perforated diaphragm. The upper portion of 
the pot is heated to redness, while the portion below the diaphragm 
is cooled in water. The tin melts in the upper part of the pot, and 
falls through the diaphragm into the cooler region, where it collects. 

(8) Edmunds ii&(‘s centrifugal machines, in the centre of which a 
fireplace is situated. The melted globules of tin are driven through 
the sieves of the apparatus and collect in th(» outer space of the 
machine. 


II. The Extraction of Tin in the Wet Wav 

Wet methods are used to extract tin, and to prepare tin salts 
from tinned-sheet cuttings and from the waste water from dye works 
which contains tin. It has also been attempted to apply them to 
the refining of tin. 

E(dractionfr<m Tinned-plate Cuttings . — A large number of methods 
have been proposed for this purpose ; of these we shall only mention 
the most important. 

Muir dissolves the tin from the cuttings in hydrochloric acid and 
precipitates it from the solution by means of zinc; steam is led 
into the solution during the precipitation. Milk of lime precipitates 
first the zinc and then the iron from the residual liquor. 

Schultze ^ treats the cuttings with acidified ferric chloride solu- 
tion, and filters the resulting solution, which contains stannous and 
ferrous chlorides, through a mixture of stannous and ferrous oxides 
till it is saturated ; after this the tin is precipitated by means of 
metallic iron. This is only possible if the solution be completely 
neutralised and contain stannous salts. 

Moulin and Dole’s method consists in allowing gaseous' hydro- 


^ und Hiiiitn.’Z€ifung, 18M, p. 208. 



m 


mt 

loric acid to act the cuttings utttU tiie irem h atMMl. 
suiting salts afs^idibsolved out ih water and the tin tltrown dd^glH 
dc; the precipitate is washed with dilute sulphurte iK^dHR 
sed, and cast in moulds. ^ 

The so-called argeniiin, used in cloth-printing and in 
cturo of silver paper, is prepared by pn'>cipitatmg tin from an 
idified solution of a tin salt by means of sheet zinc. The tin^sponge 
liich is obtained is washed and dried, and then giwund to fine 
►wder under water and passed through u sieve of hair or siiV.^ 
Beineck’on-Pdttsgen an<l Kopp treat the cuttings in revolving 
Lrrels with sorla lye, litharge and steam ; sodium stannate is 
rmed with the sejmration of load ac^'ording to the following 
nation 

Sn -H 2NaUO + 2PbO - NajSn 03 + 2 Pb -h H,0. 

le sodium stannate is either evaporated to dryness and sold as 
eitanng salt, or the solution of it is precipitated by a stream of 
rbonic acid and the lesulting oxide smelted with charcoal and 
alk in a reverberatory furnace.^ The spongy lead which separatos 
it during the process is heated in a current of air, and converted 
to litharge, which is used over again. 

It has also been proposed to treat the cuttings in revolving 
linders with quicksilver, and to separate the latter from the tin 
aalgam by distillation. 

Hunter of Philadelphia proposed to treat the cuttings with a 
irm solution of copper sulphate.^ The tin is dissolved as sulphate 
id metallic copper is deposited. When the tin is all dissolved and 
e iron is exposed, the latter precipitates the tin from solution, and 
dissolved with the formation of ferrous sulphate. The deposit of 
pper and tin thus obtained is melted up together forming an alloy, 
it is treated by well-known methods to separate the metals. 

Waste Waters of Dye Works , — ^Tin in these is precipitated by 
eans of granulated zinc or zinc powder, and the resulting spongy 
1 dried and fused with bonuc at a white beat ; by this treatment the 
1C is volatilised. 

Many proposals have also been made for the preparation of salts 
tin from tinned-plate cuttings. 

Tin chloride is prepared at Uetikon, on the Lake of Zurich/ by 

^ MnUerns, Ohamhtr^Zeiitwi^t 1891, No. 64. 

* Det MfSKhintvibauert 1S79| p. 80. 

* Qenaaok patent, clam 40, No. 78>344, January 3, 1894. 

* Lunge, Bencht Uber die Chem, Induat, avf dir Schweitzer Landea^AuuUtlung in 
Zurich, 1S88. Zurich, 1884, p. 29. 
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E ating the cuttings with dry chlorine gas. The process is con- 
ted in a fixed iron cylinder 18 feet high and 3 feet 3 inches 
neter, fitted with a perforated &lse bottom, on which the cuttings 
are placed, the chlorine being introduced below it. The tin is 
converted into stannic chloride which collects as a fuming liquid 
in a receiver under the cylinder. By cautious addition of water 
solid tin chloride is precipitated, which is sold in that form, and is 
used in dyeing. 

Donath’s process is one in which the cuttings are boiled with 
concentrated soda lye and pyrolusite ; the solution of sodium stannate 
which is obtained is treated with acetic acid to precipitate stannic 
acid. 

Scheurer-Kestner prepares sodium stannate by moistening the 
cuttings in a current of air with soda lye of 18° to 20° B. 

Carez's method is to act on the cuttings with a solution of 
alkaline polysulphides containing salammoniac. The solution is from 
30° to 50° or 60° B. in strength. Any lead which may be present 
is separated as lead sulphide and the tin is dissolved, being after- 
wards precipitated by hydrochloric acid as sulphide of tin. 

Lambotte proposes to expose the cuttings at a temperature of 
100° C. to a stream of chlorine and air, and condense the escaping 
vapour of stannic chloride, or to lead it into a dilute solution of tin 
chloride. 

Kunzel ' treats the cuttings with hydrochloric acid or nitric acid, 
precipitates the tin from the solution by zinc, dissolves the resulting 
spongy tin in hydrochloric acid, and allows the stannous chloride to 
ciystallise. The residual liquors are worked up for the production 
of green vitriol or iron. 

r/ic Fmifieation of Tin in the Wet Way 
This is very costly and is only used in exceptional cases, as for 
instance when it is desired to prepare tin compounds from pure tin. 
It consists in dissolving granulated tin in. hydrochloric acid ; as long 
^ the tin is in excess, the impurities remain for the most part in 
the undissolved portions. The tin is precipitated from the solution 
by zinc and the spongy deposit washed with dilute acid and with 
water. 

III. The Extraction op Tin by Electrolytic Methods 

The proposals which have hitherto been made, for the application 
of electro-metallurgical methods to ores and slags, do not s^em to 
> Btrg^-und HiUt^n Ze^uni/, 1874, p. 07. 
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have much chance of success ; but those for the treatment of tinned 
plate cuttings, and for refining tin, by these methods, appear to be 
more likely to succeed. 

Treatment of 0rc6 — For this, Burghardt,^ and Vortmann and 
Spitzer,^ have proposed methods. Burghaidt proposes to fuse the 
finely divided ore with excess of caustic soda, to extract the sodic 
stannate from the fused mass with water, and to separate the tin 
from the solution by an electric current. Sheet iron is used for the 
anodes, and plates of tin, iron, or some othei metal fbr tlic catbodiu 
The temperature of tht‘ solution for eloctrolysis should be 00*^ 0. If 
arsenic, antimony or sulphur be present in the ores, they should be 
removed by roasting bdbre the ore is fused with caustic soda. 
According to Borchers** the current is soon inurruptod by the 
deposition of oxides of tin on the anode plates ; lie states that it is 
impossible to extract tin with pnifit in this way. 

Vortmann and Spitzer s method consists in converting the tin of the 
ores or drosses, previously freod fi-om sulphides, into sodium sulpho- 
stannate, by fusing them with three timee their weight of a mixture 
of 2 parts of soda-ash to 1 of sulphur. The solution of sulphostanuate, 
after the addition of ammonium compounds, is electrolysed between 
anodes of lead and cathodes of tinned shoet-copper. Borchers ^ points 
out that there is no material which can stand the produc’tion of 
sulphostannate by a proci^ss of smelting ; even in a reverberatory 
furnace its production is said to be possible only with great loss of tin 
and high cost for repail's. This method has not found any practical 
application. 

Shears^ has proposed the following method for the recovery of 
tin from slags. The slags are first fused with alkalis and the 
alkaline stannate lixiviated out with water. The tin is precipitated 
from the solution by the electric current in the way described above. 
Silica and alumina are precipitated firom the residual liquor by milk 
of lime and are used for the manu&cture of cement ; the alkali is 
recovered by usual methods for use again. 

If wolfram is present, it is found in the last liquors, and can 
by evaporation be separated as tungsten salts. This method has. 
also found no application. 

A long series of methods has been suggested for the recovery 
of tin from tinned plate cuttings by means of the electric current, as,, 
for instance, the methods of Keith, Qutensohn, Walbridge, Beatson^ 

> German patent, No. 49,682, 1 July, 1889. > Ibid., No. 73,826, 14 1893. 

* Mectrometdtlurgy, p. 164. ^ Lor. e»t.,p. Wl. 

* English patent, No. 9,821, 14 June, 1869. 
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Price-Fenwick, Morin, Minet, Smith, and Vortmann and Spitzer. 
These for the most part, however, do not appear to have come into 
use. Both basic and acid electro] 3 rtes have been suggested. 

Borchers ^ has proposed to use for this purpose as an electrolyte, 
a 12 to 1 5 per cent, solution of common salt, containing 3 to 5 per 
cent, of sodium stannate. In consequence of the high conducting 
power of salt solution, this electrolyte serves much better than pure 
sodium stannate for the purpose. With a current of 50 to 160 
amperes per square metre and a potential of 2 to 3 volts, he 
obtained from cuttings (free from solder) a spongy metallic precipi- 
tate, the temperature of the bath being from 40° to 50° C. ; the 
precipitate, after washing and drpng, could be melted and cast. 
The bath must be kept distinctly alkaline ; as the quantity of tin 
oxide in the bath increases, alkali must be added. Towards the end 
of the process the solution becomes so concentrated that it is more 
profitable to work it up for Repaving salt, by evaporating it to 
diyness, than to continue the electrolysis. The advantages of this 
process are stated by Borchers ^ to be, the possibility of completely 
removing the tin from the cuttings, the production of a residue of 
clean sheet iron, the possibility of producing a tin quite free frf)m 
iron, the practicability of using an iron vessel which itself forms the 
cathode, and the use of an iron basket as anode. 

Keith uses as electrolyte a solution of caustic soda and sea-salt. 
The mixture is placed in an iron pan, and the cuttings, which are 
connected with the positive pole, are hung in the electrolyte in a 
basket. The wall of the vessel serves for a cathode. 

Bcatson ^ uses a hot solution of soda, to which potassium cyanide 
has been added. Iron plates are used as the anode, or the wall of 
the vessel, if it is made of iron, serves the purpose. It must be 
pointed out that a solution of potassium cyanide is rapidly decom- 
posed when kept at the boiling point. 

According to a new patent* the inventor uses a solution of 
alkaline hydrate as electrolyte, and the deposit of tin obtained is 
electrolytically purified in a solution of tin chloride; in order to 
•obtain the tin in a compact form it is deposited on revolving rolls. 

Price * uses soda lye as electrolyte ; there are others who do the 
same. 

Walbridge makes use of a solution of Caustic soda and sodic 
nitrate for the purpose. 

^ Xor. eit., p. 1S4. * Loe, cU,, p. 396. 

• English patent, No. 11,067, 18 Sept., 1885. 

* Ibid, No. 12,200, 1892. • Ibid, No. 2,119, 1884. 
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Gutensohn,^ Fenwick,® and Naef, use chloride of tin as the elec- 
trolyte. 

Changy makes use of a solution of stannous chloride to which 
ammonium chloride or hydrochloric acid has been added. 

Ra 3 rmond’s proposal is to adopt a solution of stannous chloride 
at 5® to 6® B. acidified with hydrochloric acid, and to lead the current 
into the bath through iron rods.® 

The following method, invented by Smith, is said by F. Blschor* 
to have been tried in Berlin and in England. Dilute? sulphuric acid 
is the electrolyte, and tinne<l copper plates are used as the cathode. 
The tin cuttings themselves fonn the anode ; they contain from 3 to 
9 per cent, of tin and are suspended in a wooden cage in the lu{uid. 
The vats are lined on the inside with <*aoutchoue. The cuttings are 
bound together with long strips of tinned iron, and by the copper 
wire which carries the current. The dynamo gives a 240 ampere 
current with an electromotive foKee of 15 volts, and absorbs 7 horse- 
power. The baths are 8 in number and are 5 feet by 2 feet 4 inches 
by 3 feet 3 inches in size. Each set of four is formed by placing 
divisions in a wooden vat 10 feet by 5 feet. The cathodes, 4 foot b}" 
3 feet by 0*06 inch, are suspended vortical!} in front of the anodes 
at distances of 4 inches apart. 

The electrolyte is made by diluting 1 part by measure of 
■sulphuric acid at 60° B. with 9 parts of water. 

The tin separates in the form of a sponge as long as the solution 
is acid, but as the bath becomes more and more neutral the deposit 
becomes pulverulent and even crystalline ; it is purer than ordinaiy 
commercial tin and dissolves more rapidly than the granulated metal 
in acids; it is therefore used for the preparation of tin salts. As 
soon as the tin is removed from the surfocc of the iron, the latter is 
attacked and collects in such quantities in the electrolyte that the 
latter must be renewed every seven weeks ; it is worked up for the 
manufacture of green vitriol. 

According to theoiy, 240 amperes in 8 baths should yield per 
hour 9*37 lbs. of tin ; actual working, however, produces only the 
half of this amount. The principal reason for this proportionally 
small performance is that the current dissolves iron as well as tin 
as soon as the former is exposed. 

Vortmann and Spitzer proposed that their above-mentioned 
method for the extraction of tin from ores should also be applied to 

1 German patent, No. 12,883. * English patent, No. 8,288, of 1886. 

s Ehetnuiech, ZeUnchr^t 1892, p. 673. 

^ Wagner-Fisoher’s Jahresberiehtet 1885, p. 173. 
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the recovery of tin from cuttings. The conversion of tin into 
sodium sulphostannate was to be effected by heating the cuttings with 
half their weight of a mixture of sulphur and soda*ash. 

Sulphide of Tin, which is a bye-pr^uct in the preparation of some 
organic colouring matters, can be converted into sodic sulphostannate 
by boiling it with a solution of sodic polysulphides. 

The author is not in a position to say if any of the above- 
mentioned methods have been actually put into operation on a 
working scale. 

The Bejining of Tin ly Electro-metallurgical Methods , — According 
to the experiments of A. Brand ^ the refining of tin by the electric 
current would seem to have some prospect of success. These 
experiments showed that the tension in a bath with tin anodes and 
a solution of stannous chloride containing 5040 grains per gallon and 
2*6 per cent, by volume of concentrated hydrochloric acid, amounted 
to 0 058 volt (14*8 amperes) ; with 7*5 per cent, of hydrochloric acid 
it was only 0 031 volt. 

A current of 1 ampfere deposits 2*195 grammes of tin per hour : 
455*6 amperes are therefore necessary for the deposition of 1 kilo 
])er hour. The energy required for the extraction of 1 kilo of tin 
I)er hour may bo calculated as : — 

0*058 X 455*6 = 26*424 Watts; 
or 

J6 424 _ 26*424 
75 X 9*81 "■ 735 


The loss of energy, in the conversion of mechanical into electrical 
energy, may be taken as 12 per cent. Further, the loss due to 
conversion of electric energy into heat, short-circuiting, &c., may be 
taken as 25 per cent., so that the actual consumption of energy 
may be reckoned at 


0*058 X 455*6 
'735 X 0*88 X 0*75 


H.-P. 


Assuming that one horse-power per hour requires 2 kilos of coal, 
the coal required for the extraction of 1 kilo of tin would be 0*11 
kilo. As the principal impurity of tin, viz., iron, collects in the 
electrolyte and is not separated from it, fresh quantities of electrical 
energy will be continually introduced into the circuit. 

It must be borne in mind that the loss due to the conveirsion of 


^ Danimer, Chtm, TecK^ vol. ii., pp. 27, 28, 324. 
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mechanical into electrical energy, in the newest machines with high- 
pressure expansion and condensation, is only 9 per cent., and that in 
the newest dynamos only 6 per cent, of the original energy goes to 
waste, a loss of power of only 16 per cent, is therefore a possibility. 
The loss of current in the performance may be assumed to be 10 per 
cent, and the coal consumption in the newest steam engines to be 
1 to 1‘6 kilos per hour per horse-power. In view of these circum- 
stances, therefore, the consumption of coal and power will be less 
than that indicated above. 
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Physical Properties 

Antimony is characterised by its great brilliancy and by its colour, 
silver white with a slight tinge of blue ; the latter is increased by 
the presence of impurities in the metal. When deposited from a 
solution by zinc it takes the form of a black powder. When melted 
antimony is allowed to cool slowly, it exhibits a coarsely foliated 
structure ; rapid cooling makes it granular and crystalline. Antimony 
crystallises, like the isomorphous metals bismuth, arsenic and tel- 
lurium, in the forms of the hexagonal system. Its specific gravity 
has been determined to lie between 6‘6 and 6*8. Schroder has given 
it as 6’697 compared with water at 4®0. 

Antimony is brittle and can be easily powdered in a mortar. It 
is harder than copper. Its coefficient of linear expansion by heat 
between 0°and 100®C. is, according to Calvert and Johnson, 0’000985. 
It melts between 440" and 450"C. (Pictet). In passing from the 
liquid to the solid state it does not expand like bismuth does. 
Camelly and Carlcton-Williams state that its boiling point is between 
1090® and 1450®C. According to Demarcay it boils in a vacuum at 
the temperature of 292"C. It bums in the air forming oxides, but 
can be distilled in a stream of hydrogen. 

When pure molten antimony is allowed to solidify slowly and 
without disturbance under a layer of slag, a fem-like appearance, of 
raised lines radiating from the centre, appear on the solidified surface 
of the metal. This is the so-called " antimony star ” or “ regulus 
antimonii stellatus.” On small castings there will be only one such 
star in the middle of the surface, but larger castings will show many 
intersecting ones. 

This appearance is not produced in impure antimony nor m the 
pure metal unless it is kept very still and covered during cooling by 
a layer of slag. As it is generally regarded as an indication of the 
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purity of the metal, pure antimony, which does not possess it, is 
always re-melted and cooled under the required conditions. 

Its ^ecific heat, as determined by Regnault between 0® and 
100®C., is 00508. Its conductivity for heat, compared with that of 
silver as 1000, was determined by Calvert and Johnson ; along its 
axis of crystallisation it is 215 and at right angles to this direction it 
is 192. Its electrical conductivity, compared with that of silver aa 
100, is 4*29 at 18’7®C., according to Matthiessen. 

Commercial antimony is generally contaminated Jby small qoanti* 
ties of sulphur, arsenic, lead, copper and iron. These cause the above- 
mentioned blue tinge in its colour. 


Pkoperttes of Antimont and of ith Compounds which are 
OF Importance foe its Extraction 

Antimony is not affected by exposure to air at ordinary tempera- 
tures, but at temperatures above it melting point it oxidises rapidly.. 
Metal which has been reduced from the oxides by charcoal in presence 
of alkalies frequently tarnishes in the air. The cause of this is said 
to be a small quantity of alkali which is retained by the metal and 
absorbs moisture with liberation of hydrogen. 

When antimony, which has been raised to a red heat, is allowed to 
fall from a sufficient height on to a plate, it is dissipated in a mass 
of brilliant sparks, forming a dense white cloud of oxide. 

Antimony is attacked by hydrochloric acid only when it is in the 
state of veiy fine powder: hydrogen is then liberated. Sulphuric 
acid does not attack it, when dilute: the hot concentrated acid 
however forms with it antimonious sulphate, sulphur dioxide being 
at the same time liberated. Nitric acid attacks antimony, producing, 
according to its temperature and degree of concentration, a mixture 
of the trioxide and tetroxide of the metal in different proportions* 
These oxides are insoluble in the acid. 

Aqua regia in the cold dissolves antimony easily, forming the 
penta-chloride. 

In a current of steam at a red-heat, antimony is slowly con- 
verted into oxide. 

When ignited with nitre and soda it explodes, forming an 
alkaline antimoniate : with a smaller proportion of nitre it also forms 
some trioxide. 

The metalloids, with the exception of boron, carbon and silicon, 
all form compounds with antimony. 
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Antimony Hydi'ide, SbH3 

' Antimony forms only one compound mth hydrogen, antimon- 
uretted hydrogen. This is a colourless imflammable gas, which bums 
with a greenish flame producing a white smoke of steam and 
antimony trioxido. It is formed when hydrogen is generated in the 
presence of a soluble antimony compound, or when alloys of antimony 
with the alkali metals are decomposed by water, or when an antimony- 
zinc alloy is treated with sulphuric or hydrochloric acid. When this 
gas is led through a heated glass tube, antimony is deposited in the 
cold part of the tube in the form of a mirror. If a mixture of this 
gas with hydrogen be passed through a solution of silver nitrate, a 
black precipitate of silver antimonide, SbAg3, and silver is deposited. 

•OXIDES OF ANTIMONY 

Antimony forms three oxides : (1) Antimony trioxide, 8^03, (2) 
Antimony tetroxide, Sb204, and, ( 3 ) Antimony pentoxide, SbgOg. 
The pentoxide forms two acid hydrates — Antimonic acid, HSb03+ 
2H2O and metantimonic acid, H4Sb207. 

ArUvmony THoxUCy or Antimonious Oxide, 8b203, 

is formed by heating antimony or sulphide of antimony in the air ; 
it is a white powder which becomes yellow when heated, regaining 
its whiteness on cooling. It melts at a dark red heat forming a 
yellow liquid which solidifles to a grey mass resembling asbestos. 
It is volatile, and can be sublimed. If heated in the air it is 
converted into the tetroxide which is not volatile. If the vaporised 
trioxide and air be passed over ignited, finely divided oxides of those 
metals which form compounds with antimonic acid, the latter is 
formed and combines with the oxides producing antimoniates. 

It is insoluble in water, sulphuric acid or nitric acid, but is 
easily dissolved by hydrochloric and tartaric acid and by caustic 
alkalies. With antimony sulphide it melts without decomposition, 
forming the so-called antimony-glass. The trioxide is poisonous, 
especially in the form of vapour. 

Antimony Tetroooide or Antimonic Antimoniate, Sb204, 

is a white powder which is neither fusible nor volatile. It can be 
prepared by heating the trioxide in the air or by igniting the 
pentoxide. Hydrochloric acid dissolves it readily. It is a metal- 
lurgical product, being known under the name of ** antimony ash or 
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**ciniB antimonii/’ but in this form always contains some trioxide. 
If the antimony ash be ignited with charcoal and alkaline carbonates, 
metallic antimony is obtained ; if ^the alkali be omitted, the greater 
portion of the antimony will be volatilised as trioxide, a small part 
only being obtained in the metallic state. 

If the tetroxide be fused with metallic antimony in the proper 
proportion, the trioxide is formed : — 

3Sbs04+2Sb»4Rb20,. 

When the tetroxide is fused with antimony sulphide in suitable 
proportions, sulphur dioxide is liberated, and the tiioxide is fortned, 
which, however, always retains more or k^ss of the sulphide : — 

Sb5S»+9Sbj|04*- 10SbjO,+8SOy 

This impure trioxMe of antimony, the colour of which varies with 
the quantity of sulphme it contains, is known as antimony-glass/’ 
and is used as a colouring matt<\r in glass making, more especially 
in the preparation of artificial gems. 

Antvnony Fentoxide or Aritimonic Anhydride^ 8^05 

This is a bright yellow powder and can be prepared by treating 
antimony with nitric acid. The powder obtained must be repeatedly 
evaporated to diyness with nitric acid to completely oxidise the tri- 
and tetroxides which are at first formed, and the residue gently 
ignited. 

The pentoxide is insoluble in water and in nitric acid, but 
dissolves slowly in concentrated hydrochloric acid ; it is converted 
on ignition into the tetroxide. 

Antimonic anhydride forms two hydrates, each of which forma 
a scries of salts, viz. : — 

Antimonic acid, HSb03-f 2H2O, 

Metontimonic acid, H4Sb207. 

Antimonic acid is used to replace arsenic acid in the manu&cture 
of aniline yellow and aniline red. 

CHLOUIDES OF ANTIMONY 

Antimony forms two compounds with chlorine, viz. : — 

Antimonious chloride or antimony trichloride, SbCl3, and 
Antimonic chloride or antimony pentachloride, SbCl^. 

VOL. II. r F 
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The trichloride is formed when antimony trisulphide is boiled 
with concentrated hydrochloric acid ; also when the metal or the tri* 
sulphide is heated with corrosive sublimate. It is soluble in hydro- 
chloric add, is volatile, and can easily be distilled. When the 
solution of it in hydrochloric acid is diluted with water, white basic 
chloride of antimony is precipitated ; this is known as “ powder of 
Algaroth,” and was formerly used in medicine. 

The pentachloride is formed with evolution of light when 
chlorine acts on antimony. According to Gore, antimony in the 
form of a grey amorphous mass is deposited when a strongly acid 
solution of the pentachloride is electrolysed. This contains, in addi- 
tion to small quantities of free hydrochloric acid, from 3 to 20 per 
cent, of antimony pentachloride, and explodes if heated to 200'‘C. 

SULPHIDES OF ANTlMONy 

There are two compounds of sulphur and antimony, viz. : — 

Antimony trisulphide, Sb£S8, and 
Antimony pentaasulphide, Sb£S 5 . 

The trisulphide is known in both the crystalline and the 
amorphous condition. The crystalline form is found in nature as anti- 
mony glance or stibnite ; it possesses a greyish black colour, metallic 
lustre and crystalline structure. It can be melted out of contact 
with the air at a red heat, and volatilises without decomposition at a 
strong white heat. 

The amorphous trisulphide can be prepared artificially, and 
possesses, according to the method of its preparation, a red or orange 
colour. 

The red trisulphide, which formerly was used in medicine under 
the name of “ Kermes mineral,” can be prepared by boiling antimony 
glance with carbonate of potash or soda. The antimony sulphide is 
deposited from the solution on cooling as a reddish-brown powder. It 
always contains variable quantities of antimony trioxide and alkali. 

The orange-coloured trisulphide can be obtained by precipitating 
a solution of an antimonious salt with sulphuretted hydrogen : this 
precipitate always contains water. The so-called (Mtimany einnahar 
is a rei amorphous trisulphide containing the triozide ; it is prepared 
by treating a solution of antimony in hydrochloric acid with thio- 
sulphate of calcium or thiosulphate of so^um. It is used as a pig- 
ment in oil painting, on account of its fiery red colour. 

When antimony sulphide is oaleined in a current of air, antimony 
trioxide and sulphur dioxide are formed, the 4>rmer being partly 
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volatilised, and partly converted into the tetroxide ; the sulphate is 
not fomecL The trisulphide is easily fused, and therefore the roasting 
of it is difBottlt 

A mixture of air and steam when passed over the trisulphide 
forms the trioxide with liberation of sulphuretted hydrogen ; in this 
case also the sulphate does not appear to be produced Antimony is 
reduced from the trisulphide at a red heat by the action of hydipgen, 
hydrocarbons, iron and zina ikccording to Kamten, charcoal has the 
same effect, but only at a temperature above the boiling point of the 
metal. 

The trisulphide is soluble in hot eoncentrated hydrochloric acid, 
forming antimony trichloride. If it be treated with a solution of a 
caustic alkali or an alkaline carbonate, or of an alkaline sulphide, or 
if it be fused with these bodies in the solid state, substances called 
aiUphafUimomtea are produoed, 

2Sb^,+4KOH«8KdbS,+KSbO,+ 2H.O. 

These eulphafUinurnii^B are soluble in water when they contain a 
large proportion of basic sulphides, but a large proportion of antimony 
renders them insoluble, ^e trisulphide and the trioxide do not 
mutually decompose each other as is the case with galena and 
litharge, but fuse together undecomposed to form the so-called 
aniimon/y-gkuB, 

When the trisulphide is fused with the penta- or tetroxide, sul- 
phur dioxide and the trioxide are formed : the latter takes up some of 
the undecomposed trisulphide and forms with it aniimany-glasa. 

The pentasulphide of antimony, is an orange-coloured 

powder, known in medicine as golden sulphide of antimony. It can 
be obtained by the action of sulphuric acid on the so-called sulphan- 
timoniates. ^ese latter substances are prepared by boiling antimony 
glance with a solution of an alkaline polysulphide, or by fusing the 
two substances together in the solid state. SeUippdeeaU, XagSbS^-f 
9H|0, is one of these sulphantimoniates. 

The pentasulphide, when treated in the absence of air, yields the 
trisulphide, sulphur being separated. 

Hydrochloric acid converts it into the trichloride with separation 
of sulphur. In other respects the pentasulphide behaves like the 
trisulphide. It is used principally, at the present time, as a red 
pigment and for vulcanising indk-rubher. 

OXY-BALT8 OF AMTIKONT 

The most important of these is tartar emdic or potassium stibnyl 
tartrate, C 4 H 4 K^b 0 ) 0 ^ used in medicine. 
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ALLOYS OF ANTIMONY 

Antimony alloys with most metals, making them brittle. IPIs 
added to le^ to harden it. When alloyed with tin it renders it 
silvery in appearance, increases its hardness, and raises its meltin>( 
point. 

The most important alloys of antimony are type-^metal, which 
consists of lead, tin and antimony, or of only lead and antimony ; 
hard-lead, produced by working lead ores which contain antimony, and 
which consists of lead and antimony in very varying proportions; 
hrUannia-metal mdyhite-, hearing-,or antifriction-metal, which consist 
principally of antimony and tin, with addition of lead, copper, zinc, 
bismuth and nickel. Britannia-metal, which is used for the manu- 
facture of teapots, spoons, plates, &;c., contains, according to Ledebur, 
tin 85 to 93 per cent., antimony up to 10 per cent., and copper up to 
3 per cent. English plate pewter and queen' %-1ioetal are similar alloys. 

Antim(jny Ores 
Antimony Glance, 

Antimony glance is the most importaWHHRpf antimony : it is 
also known by the following names — grey ammumy ore — ardimoniie 
— etibnite. It contains 71*77 per cent, of antimony and 28*23 per 
cent, of sulphur. It occurs in long rod-like or needle*like rhombic 
ciystals, or in the massive state, or disseminated in fibrous or com- 
pact particles. It frequently contains gold and silver, and usually 
arsenic also; its more commonly associated minerals are quartz, 
calc-spar, heavy-spar and spathic iron ore ; zinc blende and galena 
frequently occur intimately mixed with it. 

It occurs in Germany (Amsberg, Erzgebirge, Fichtelgebiige, the 
Harz), in Bohemia (Milleschau, Hate, Brodkowic, Przibram, Schdnberg, 
Michaelsberg), in Hungary (Kremnitz, Toplitzka, Schemnitz, Felsd- 
banya, Nagybanya, Dobschau, Rosenau, Oisno, Oross-Odllnitz, 
Magurka), in Servia, in Bosnia (Serajewo), in France (Auvergne, 
(laid, Aidtehe, Aude, Vendee, Lyonnais, Haute Loire, fiiouc, 
and Sept&mes near Marseilles), in Italy (Tuscany), in England 
(Cornwall), in Spain (Estremadura and Badajoz), in Portugal 
(Oporto and Braganza), in Algiers (Province of Constantine), in 
Canada, in the United States (Arkansas, Nevada, Utah, California and 
Montana), in Nicaragua and in Mexico ; in Asia it occurs in l^meo, 
India, Japan and Asia Minor; in Australia it is found in New 
South Wales, Victoria and New ZeaUmd. The greatest portion 
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of the ores which are treated in England come from Borneo, 
Australia and Japan. 

Native Antimony 

Native antimony occurs but rarely, and is not a source of any 
importance. 


Oxide of Aniimony^ Sb^Og, 

otherwse known as whUe oTUimony ot antinumy dimorphous; 

the rnombic form is named valonUinUe and the cubic form 
smaTTnmUe ; it contains 834 per cent of antimony ; it is formed 
by the weathering of wMfnony^glamee or of ludive oMmmy, and 
occurs in the upperijfortiQns of antimony ore depositB. The Iocai||ipi 
where this ore occurs niost fliely ate: Sensa and Baminate in the 
Province of Constantine in Algjlers, Borneo, and Sonora in Mexico. 

The other antimony miaerala occur in comparatively small 
quantity and do not constitute the basis for special processca 
Among these are : — red oMimony ore^ also known as anitimony 
blende or pyrostUbite (2Sb^g+Sb,Os), containing 75 pcT cent of 
antimony and found in ^scany, Ci^j^da (Southam), Braunsdorf 
(Saxony) andiffrzibram; antimony ochre or cemin^i^e (SbgOg), 
occurring in Tuficany. Anthony is also a constituent of many lead-, 
copper- and aiIverg|reB, especially the latter. Among these may be 
mentioned bourwMte, zinhenite, Jameeonite, plagionUe, feather-ore, 
lOotfsbergUe, mlybmJU, prouetite, awtimonial nickel, avdimcnM nicer, 
miargyrite, mihierite, boutangn^e and’ the fahUoree. Galena also veiy 
frequently: contains antimony. 

In addition to the minerals mentioned above, the following are 
sometimes sources of antimony : — (1) Speiss containing antimony 
obtained in working copper- and silver-ores which contain antimony, 
(2) Residues, foe., which contain antimony obtained in liquating 
antimony glance, (3) Dross obtained in antimony smelting. In 
the working of galena which contains antimony, the latter metal 
for the most part alloys with the lead produced forming the so-called 
kard-Uad. 

The Extraction of Antimony 

The principal source of antimony is antimony-glance; the 
other ores occur in too small quantity to form the subject of 
independent processes and are therefore worked with antimony- 
glance. 

The extraction is conducted principally by diy methods ; pro- 
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posalfl have been made for the use of processes and also of 
electro-metallurgical methods, but these have, as yet, not fo^d 
practical application. 

Antimony obtained by diy methods is always contaminated by 
foreign metals, and accordingly has to be refined : this is usually done 
in the dry way. 

Sulphide of antimony is used to a large extent, especially as a 
pednt for ships' bottoms : it is therefore the object of preparation in 
a special industry, which consists in simply liquating it froas the 
other minerals and rocks which accompany it in its ores. The 
product of this process is called crude antimmy; metallic anti- 
m<^ is known as antimmy regulm. The liquation of antimony- 
gMlfee is also sometimes the first step in the exEUtotlbn of the metal, 
but at present is seldom resorted to, ''although the residues from it 
are worked up to extract the metal they retain. We have therefore 
to describe : — 

I. The extraction of antimony in the dry way. 

II. The proposals for extracting antimony by wet methods. 

III. The proposals for extracting antimony by electro-metal- 
lurgical processes. 

I. The Extraction of Ant^qi^y in the Ory Way 

The treatment of ores containing antimony ||h>nce may have for 
its object, as already explained, either the preparation of crude 
antimony, or the extraction of antimony regulus. In Ike latter case 
the product will need to be refined. We must therefom distinguish 
between : — 

A. The treatment of antimony-glance for the preparation of crude 
antimony. 

B. The treatment of antimony-glance and other ores of antimony 
for the extraction of the metal. 

C. The refining of antimony. 

A. The Treatment of Antimony-glance for the Production 
OF Crude Antimony 

Ores containing more than 90 per cent, of antimony sulphide are 
used as crude antimony after being ground, without further treat- 
ment. Ores containing less than 90 per cent, and as low as 40 or 50 
per cent, are subjected to liquation, if the pieces are of the righ^ size, 
i.e., larger than hazelnuts, best about walnut size. Small-grained 
ore and ores with a low percentage of antimony sulphide, are, as 
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pointed out above, worked np for the prodnotion of the metal 
(Small-grained ore could bb worked for crude antimony by fhaion 
in fiiniaces.) 

The liquation of antimony aulphide from ita accompanying 
minerals and rock is possible on account of its comparatively low 
melting point, below a red heat The maintenance of the proper 
temperature is of the greatest importance, for at temperaturea above 
a red heat the su^h^e is volatilised and at too low temperatures 
the residues contain large quantities of antimony. The ato of the 
pieces of ore too has considerable eSeot on the result; the smaller 
they are the less oomidete is the liquation, and the richer are the 
residues, and huther, fine ores lie ao dloae together that the 
sulphide is unable to escape. The best sise is proved to be that of 
walnuts. Fine ores with low percentage of metal give a better result 
if treated for the produetisn of rtigulns. 

In commerce great intportMM is attached to the radiated 
structure of the product : thhi it obtained by slow cooling of the 
liquated sulphide ; if it is ropidljr ooded tiiis structure is absmt. 

The liquation con be done in dosed or in open (reverberatray) 
furnaces. In closed fimuMes the ore is «(»tained in pots or tubes, 
while in the fbfnrberatoiy fitmace it lies exposed on the bed. The 
closed fiunaces use more fuel, and cost nfore for labour, than the open 
ones, but they extnot a loi;^ propmtion of the sulphide than the 
latter, which lose considerable quantities by volatilisaticm and 
oxidation. 


1. UqUATlON IN CLOSED FURNACES 

The melting is done in pots or in tubes. If pots are used, they 
are either directly surrounded by the burning ibel, or are heaM by 
the flame fix>m a fireplace. The latter method is always ad<^ted 
where tubes are used. Pots are worked intermittently, but pipes 
permit the adoption of continuous work with corresponding economy 
in foel 

a, Liq^ion in 

Pott dirtcUy in wwtaet with the fuel are used at Wolfibetg in the 
Harz, at Magurka, Boeenau, and Gross-OtSUnitz in Hungsoy, at 
Milleechau in Bohemia and at Ifalbosc in Fraruse. This utf t h ffd 
requires a high consumption of fuel, but has the advantage it 
can be conducted at the mine on account of the simpUeity of tiie 
fomace. It is therefore used where the ores are tidx and fuel (wood 
or coal) is cheap at the mine. 
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The pots are made of fireclay and hold from 11 to 56 lbs. In the 
bottom of each there are 4 or 5 holes 0'4 to 0'6 inch in diametOr 
through which the melted sulphide escapes. These rest on receivers 
of burnt clay which collect the liquid crude antimony. The receiver, 
in order to ensure the slow cooling of the contents, are bedded in sand, 
ashes, or breeze. The pots are placed in a rolV, there being some^ 
times several of these at regular distances apart ; 20 or 30 pots form 
one row. The space in which they are placed is enclosed by a low 
wall of dry masonry. The space between the crucibles and between 
them and the wall is filled with fuel, coal or wood being Used. The 
liquation takes from 2 to 12 hours according to the size of the charge. 



Fro 2M. 


At its conclusion the pots are lifted off the receivers, emptied and again 
charged and placed in position. The receivers are in some places 
emptied after each charge and in others left till they are full. The 
residues contain as a rule not less than 12 per cent, of sulphide. 

Fig. 298 shows, the arrangement of an earlier liquation plant at 
Wolfsberg in the Harz.' 

Here a is the pot with holes in the bottom for the escape of the 
liquid sulphide, h is the receiver surrounded with a bed of non-con- 
ducting material to prevent the rapid cooling of its contents, m is 
the wall, which in this instance encloses only one row of pots; it 
is built of dry masoniy and is provided with diaftholes. The height 
of the pot is about 12 inches, the diameter 8 inches, and it holds 
22 lbs. 


P Kerl, iref(i/7ASC(efiSHfKle, p. 
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At Malbosc (Ard^he) in France, the charge per pot is 88 lbs. 
After charges (40 hours) the receiver, being full, is emptied. In 
the 40 hours 20 pots pr^uoe 1,050 lbs. df the sulphide with a 
consumption of fuel of 3,380 lbs. of coal and 448 lbs. of brushwood. 

Pois heated hy a flame permit of greater economy of fiiel and 
also facilitate the working of poorer ores, but the labour is more 
severe on the workmen than in the method previously described. 
These pots are placed in a furnace on each side of Jbhe fire, or aiW 
arranged in a circle round it : the receivers for the melted sulphide 
are either placed below the bed of the fiimace surrounded by sand 
and out of contact with the flame, or they are placed entirely outside 
the furnace, being connected with the liquation pots by a clay pipe 
This latter airangement is much more satisfactory than the former, 
because it does not necessitate 
the interruption of the pro- 
cess for the clearing out pf 
the receivers as is the ease 
with the former. Fumaoes 
with the receivers under the 
bed are employed at La Lin- 
coule in Franc|| (Haute Loire), 
those with exterior receivers 
are used in Hi^pgaiy. Fig. 

299 shows the construction of 
one of the latter sort of fur- 
naces : — 

F is the heating chamber, 
r the grate, 5,5 are the pots 
fitted with covers, d, d the receivers, c, e the pipes connecting the 
pots with the receivers, a, a are openings in the roof through which 
the chaiges are introduced into the pots. The fuel consumption is 
higher and the production less in the pot furnaces, and they are 
inferior to the tube fumaoes which are next to be described. 

5. Liquation in Tube Fumaeee 

These furnaces can be arranged with vertical or horizontal tubes, 
but the latter arrangement does not appear to have been adopted* 
The vertical arrangement is used at Malbosc in France and at 
Banya in Hungary, and with it more &vourable results have been 
obtained in regard to fuel consumption, quantity treated, and cost 
of labour, than with the pot furnaces. 
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The oonstniction of the ftunaoe used »t Halboao is shown in 
FignSOOsodSOl.' 


AMt/MOuC A 



Fio. 800 
S§cthii on A B 



Fra. 801 


The tubes are ananged in groups of four, each group being 
placed in a chamber with 3 grates : they extend to the outside ^ the 

> Flattnar-IUahtar, p. (k 
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roof where they are cloeed, while working, with a cover, and m 8 feet 
3 inches high, 10 inches diameter at the upper end and 7f inches 
diameter at the bottom, their walls being 0*6 to 0*8 inch thick. 
They rest on a fire-clay slab pierced with holes for the escape of the 
liquid sulphide ; a in the figure is a hole in the side of the tube at 
its lower end through which the residue is cleared out ; these holes 
are 2*7 inches in width and 4*7 incdies high^ and during the workung 
of a change are closed with a clay plug or with a luted plhtes e is 
the receiver 1 foot 4 inches high a^ 10 inches wide/ These, canted 
on small wagg^, are introduced through the opeSiinge with ti^t 
fitting doors i, i, into the chambers shown in the figure : when fell 
they can be replaced by empty receivers without interrupting the 
operation. The doors t, « are provided with peej^les through which 
the progress of the liquation can be obeerved The flames play round 
the tubes and escape through three openings A, into the ohinmey ; the 
flues are provided with dapupers %y which the intensity of the fire 
can be regulated. Part of the flin passes through the holes h, h, 4 
inches square, in the walls of the receiver chambers and maintain 
them and the collected sulphide at the proper temperature. The 
openings A, h serve for the removal of the residues from liquation, and 
for repairing any damage to the tubes. During the working these 
are closed by cast-iron plates. A newly built furnace requires to be 
heated to a bright red heat for 48 hours before a charge is inserted. 
The regulation of the temperature is adjusted aooording to the colour 
of the product, which ought to be bluish ; a red colour is an indication 
that the heat has been too great. 

The chaige for each tube is 5 owt& of ore, and it takes 3 hours 
for complete liquation ; the yield is 50 per oent of sulphide. For the 
production of 100 cwts. of sulphide, 64 cwts. of coal are necessaiy ; 
the tubes last 20 days each. The cost of producing 100 kilos of 
sulphide is, for labour, 1*53 francs (»7*4d. per cwt.), and for fuel, 
1*28 francs (ssOd. per cwt.); while the cost in pot furnaces is, far 
labour, 2*21 francs, and for fuel, 6*34 francs per 100 kilos (=10|d, 
and 2s. 8d. per cwt. respectively). 

2. LIQUATION IN REVERBSBATORY FURNACES 

This method of liquation possesses the merit of being the least 
expensive in fuel, labour and repairs, but it leads to considerable loss 
of sulphide by volatilisarion. It can, therefore, only be adopted where 
it is a question of producing large quantities of crude antimony with 
great rapidity, where fuel is dear, and where the cost of mining the 
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ore is low, and therefore loss of sulphide may be disregarded. It 
was formerly in use at Bam^ in France (la Vendee). 

The liquation fiimace may be constructed like that for the re- 
moval of lead fix»m copper, or like the German refining furnace. In 
the latter case, a tap-hole must be introduced at the deepest point 
of the bed. The liquated sulphide will escape through the tap- 
hole into the receiver placed in front of it. Towards the end of the 
process the tap-hole is closed, and the furnace strongly fired The 
sulphide still in the ore now collects below the layer of slag which 
forms, and is tapped. The slag is afterwards withdrawn through a 
side door. 

Products of Liquation 

These are crude antimony and liquation residues. Crude antimony 
is frequently contaminated by the presence of arsenic sulphide, lead 
sulphide and iron sulphide. The extent of this contamination may 
be seen from the following analyses of sulphides from Hungary : — 



Rosenan. 

Liptaii. 

Magurka. 

Neusohl. 

FeS . . . 
PbS . . . 

. 1102 

4-093 


j. 3-235 

AbA . . • 

, . 0-5()8 

3-403 

— 

0-247 

Cu . . . , 

. . 

... 

0-59 

— 

Pb . . . 

. . 

— 

3-76 

— 

Fe . . , 

1(570 

7*4f)0 

2-86 

7-19 

3-482 


The liquation residues contain upwards of 20 per cent, of sulphide 
of antimony ; it is contained, not only in the interior of the pieces, 
but also covers them as well, in the form of a thin glaze. 

The following analysis shows the composition of these liquation 
residues ^ ; — 


SbjSj 

. 20-40 

FeS 

. 2-87 

FeS, 

. 1-23 

SiO, 

. 59-84 

A1,0, 

. 4-65 

CaO 

. 6-22 

CO, 

. 4-10 

Alkali and carbonaceous matter 

. 1-69 


100 


The liquation residues, when sufficiently rich, are worked up for 
antimony regulus. 

^ Bering, in v61. conx., p. 263. 
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B. The Treatment of' Antimont-Olakce and other Anti- 
mony Ores for the Extraction of Metallic Antimony. 

The treatment of antimony-glaihce for the extraction of metallic 
antimony can be done either by the roasting and redaction method 
or by the so-called precipitation method. 

The former consists of an oxidising roasting of the ore, followed 
by a reduction of the oxide formed during the roasting, by means of 
coal, with the addition of fluxes and covering materials (so^, potash, 
glauber salts). The process may be jperformed in shi^t furnaces^ 
reverberatory furnaces, or (in rare iastaaoes) in pot furnaces. 

The precipitation method is earned out by smeltiiig antimony- 
glance (or crude antimony) with iron and fluxes. The antimony is 
separate in the metaUio state with formation of sulphide of iron. 
It may be done in pot, or reverberatory, furnaces. 

The roasting and reduction method ia less expensive than the 
precipitation method, and is suited to the working of poorer ores and 
liquation residues ; it is thorefine to be preferred to the precipitation 
method. The latter is only suited for the smelting of rich ores and 
of crude antimony, and is more expensive in practice, on account of 
the high coal consumption and labour cost ; it is only rarely adopted. 

The afUimony ores, other than aiiUirnmy-glance, are not treated by 
independent special methods. When sulphuretted, they are worked 
together with antimony-glance. If they are oxidised ores, they are 
subjected to a reduction process, i.A, they are mixed with antimony- 
glance after it has been roasted. 

1. The Roasting and Reduction Process 

This may be resolved into (1) the roasting of antimony-glance 
and (2) the subsequent reduction of the oxide of antimony formed in 
roasting. 


a. The Boasting of Antimany^GUmDe 

The roasting of antimony-glance can be so conducted that the 
product shall principally consist of either the stable tetroxide or the 
volatile trioxide ; in the latter case the trioxide would be collected 
in a suitable arrangement for condensation. The former method of 
roasting is more usual ; the latter, which has been named ^ volatilising 
roasting” rostung), has been suggested for the ex- 

traction of antimony, but appears, so &r, to have only been adopted 
for the preparation of the trioxide for use as a pigment. 
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The chemical changes which take place during the normal 
oxidising roasting of pulverised antimony-glance, having for its 
object the conversion of the sulphide into the tetroxide, are the 
following, if the correct conditions of temperature and air admission 
are observed : — 

When the temperature is raised to the pra|»er point (not much 
over SSO^'G.), the atmospheric oxygen converts the antimony trisul- 
phide into sulphur dioxide and antimony tiioxide. A part of the 
latter is further oxidised to the pentoxide, and this, combining with 
some of the trioxide, forms the tetroxide. Antimonic acid is formed 
in the presence of oxides of metals, and combines with them to form 
antimoniates. Furthermore, if the oxides of metals which are in- 
clined to form antimoniates are present, a portion of the trioxide, in 
the presence of air, and in contact with the foreign oxides, is changed 
into antimonic acid, and forms antimoniates. No formation of 
sulphate of antimony takes place. If the ore contains large 
quantities of foreign sulphides, which on being calcined would form 
sulphates, antimoniates of the foreign metals are formed instead of 
the sulphates. 

With pure antimony-glance, and the correct temperature and 
quantity of air, the product of roasting is principally the tetroxide, 
but it always contains antimony glass and undecomposed sulphide. 
If there are foreign sulphides and arsenic compounds in the ore, 
antimoniates, arseniates, and sulphates of the foreign metals are 
found in the roasted mass. 

Since antimony sulphide and antimony trioxide melt at a dark 
red heat and form antimony glass, and since, furthermore, they are 
both volatile, the maintenance of the proper temperature is of the 
greatest importance. According to Bidou it is not allowed to exceed 
about 350* C. ; at lower temperatures the sulphide would not be 
decomposed. At temperatures only slightly beyond 350”, the mass 
begins to frit together, thereby preventing the penetration of air to 
the interior. At still higher temperatures the trioxide volatilises. 

By regular rabbling, the fritting of the mass during roasting is 
prevented even at the higher temperature; and the presence of 
gangue in the oro also tends to obviate the same difficulty. The 
richer the ore, the more difficult is it to roast it ; with rich ores it is 
impossible to prevent to some extent both the liquation of a portion 
of t he sulphide and the formation of flue dust, which latter consists 
almost entirely of antimony trioxide and tetroxide, antimony sul- 
phide, arsenic compounds and carbonaceous matter. It is theriifore 
only possible to raise the temperature for the purpose of oxidising 
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any unaltered sulphide, after the greater part of the sulphide has 
been converted into tetroxide. Properly roasted ore should appear 
of a reddish oolour while in the furnace, and of an ashy grey colour 
cm cooling ; further, while in the furnace it should feel soft under 
the rabble, and free firom any fritting together. If the adndasion of 
air during the roasting be limited, the volatile trioxide and not Hke 
tetroxide is formed. 

The so-called vdatUinng roasUf^, which is only designed to form 
and volatilise the trioxide, requires ^ its eseoutionja restricted air 
Hupply and a higher tempemturo. Steam at a hi|th temperature 
also effects the formation of the trioxi^, with the siSsultaneous 
production of sulphuretted hydrogen. This method of roasting was 
proposed by Heiing for the treatment of poor ores and residues from 
the liquation of crude antimonyi but does not appear to have been 
practically applied. Since the arsenie contained in the ore, when 
roasted, forms compounds which are more volatile than antimony 
trioxide, it is possible to sepszate i^he two products by mteseepting 
the latter. method of roasting also has the advantage that the 
gold and silver, which nearly always exist (with other metals) in 
these ores, remain in the residue and can be extracted. 


The ExeeiUion of ihe Ordimry Soa$ting 

Ordinary roasting (ie., for the production of the tetroxide) is 
ccuried out in reverberatoiy furnaces which are provided with 
arrangements for condensation. 

Formerly (1862), muffle furnaoes were in use in Hungary. The 
reverberatoiy furnaoes now in use are of two kinds t— 

1. (intermittent worfciz^). 

2. Lang-iedded hand-ftimaees ^ (Fortechaufdungsdfen), 

Bahbk-furnaeee were formerly in use at Bouc and Sept4mes in the 

department of Bhdne in France, and are still used at Siena in 
Tuscany. 

The latter furnaces are used in, among other places. New Bruns- 
wick and at Banya in Hungary. They are worked with less cost 
for fuel labour than the rabble-furnaces. 

The arrangement of the earlier pattern of rabble-funciace with 
two fireplaces, as used in France, is shown in Figs. 802 and 803*^ 

The borisontal bed h is egg-shaped and is 8 feet 8 inches k^g, 
with a greatest width of 4 feet 7 inches ; r, r are the two fireplaces^ 
one on each side of the bed, 6 feet 3 inches long and 1 foot 2 inches 

» Bee vcL’i. p. 68. • Kerl, STetoUsivp, p. 624. 
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wide. The gases from the fire pass through the .opening F in the 
roof into the flue and through the latter into the chimney E. A is 
the working door; S is a hood built above the .working door, which 
draws away the antimonial fumes from the fumace-men. 

In these furnaces 5 to 6 cwts. of ground and sifted ore are 
roasted in 6 hours; during the first 2 hours the working door is 
closed; after that it is opened, the charge well stirred, and con- 
stantly rabbled till the finish. The loss of antimony in properly 
executed roasting amounts to only 2 per cent^ 

At Siena ^ 4 cwts. of fine ore are charged at one time, and the 
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roasting requires 3 to 12 hours according to the richness of the ore ; 
ores rich in antimony require a much slower roasting than those 
which are poor. The consumption of fuel (lignite) per charge is 
on the average 77 lbs., and the loss of antimony is 5 per cent. 

The used in New Brunswick,* is 42 feet 6 

inches long, 7 feet 6 inches wide, and has 10 working doors in each 
side. The height from bed to roof is 2 feet 1 inch, and the fire- 
grate is 2 feet 1 inch wide. The firebridge is 5 feet 2 inches high 

^ Bidou, VAwtmoint an SToacema. (him eivU, 1882. 

* Engineering emd Mining /ottma/, 1873, vol. xvi., Na SB. 
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and 1 foot broad. There are 5 chaiges of 6 owts. each in the furnace 
at one time. During 24 hours, 3 charges (18 cwts.) are drawn, so 
each charge remains in the furnace 40 hours. During the last 2 
hours before being drawn, the ore is strongly heated and rabbled 
every 6 minutes. Properly roasted ore has a dull, greyiah*-yellow 
colour. The consumption of wood is three-quarters of a cord in 24 
hours, and the loss of antimony is stated to be 7*6 per cent. 

Similar furnaces at Banya are 26 feet 3 inches long, 6 fbot 6 
inches wide with 5 working doors in one side. Chargeii of 4 cwt. 
each are introduced at the end of the furnace farthest from the fire 
and are drawn after 20 houia; 24 cwts. are roasted in 24 hours. 
The fuel is lignite^ which is buiwcd in a stepped grate. 

Furnaces have been pro|KMed with a trough-shapec] bed sloping 
towards one of the longer (Adis of the furnace, the object being to 
perform the reduction and ioe wtitig in tihe same fttmaoe. Since the 
liquation of a certain poctinw eulphide cannot be avoided 

during the roasting, this allows It to be tapped off and 

sent to market as crude antiincil]i^« 


Vohtilitimg Moagting 

This method, as already pointed out, wcuj proposed by Hering for 
the treatment of poor ores and residues from the manufacture of 
crude antimony. The ores, or residues, as the case may be, arc 
roasted in a reverberatory furnace at a temperature sufficiently 
high to volatilise the antimony trioxide, which is collected in con- 
densing chambers; it is, said to be very pure and to yield on 
reduction a very pure metal. 

If the oxide is to be used as a pigment, a vexy limited application 
of it, it must be of exceptional whiteness, and to ensure this the 
roasting is conducted in muffles. Oebme obtains this purity of tint 
by roasting the sulphide in a restricted air supply with admission of 
steam ; this is said to produce an oxide of great purity in white 
sublimed needles, sulphuretted hydrogen being fmmed at the same 
time. The steam is introduced by allowing water to drop into the 
muffle, and the air enters by a small opening at the front. . 

The construction of the plant is seen in Figs. 304 and 305. 

M is the muffle, L is the opening for the admission of air. The 
water enters the muffle at w, flowing along the tube J2 fitted with a 
cock. The gases and vapours pass out of the muffte through the 
pipe a; along the pipe g into the condensing chambers after which 
t^ey enter the scrubber $ through the horisontal pipe shown in the 
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figure. The scrubber is supplied with a flow of water which con-^ 
detises the last portions of trioxide. The incondensible gases pasa 
out of the scrubber along the iron flue ; m is the firedoor, n the 
door of the ash-pit. After the fire gases have passed round the 
muffle, they also enter the flue v. ^e chambers are emptied by 
means of the door T. 

The supply of water must be regulated so that neither the vapour 
of trioxide nor the sublimed product are moist, otherwise the 
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sulphuretted hydrogen present would re-convert the oxide into 
sulphide. Excess of air would lead to the formation of the tetroxide 
and sulphur dioxide, the former of which would remain in the muffle. 
A dark red heat is best for obtaining a satis&ctory result. Tho 
author is not acquainted with the result of working this process. 

b. The JRedw^im Froeesa 

The objectof this is to reduce the oxide(either tetroxide ortrioxide) 
to metallic antimony. If coal alone be used for this purpose, a large 
proportion of the antimony will be lost through volatilisation as 
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trioxide, and any antimony sulphide still remaining in the roasted 
ore will not be decomposed/ Substances are therefore added tor the 
charges which, on account of their easy fusibility, form a protecting 
cover and prevent the volatilisation of the antimony : these also assist 
in the formation of fusible slags, and separate the metal fbom any 
sulphide of antimony present. The substances which are most advan- 
tageous for this purpose are such as remove the impurities finom 
the antimony and also serve as a refining medium. Potash, soda, 
glauber salt, and other alkaline substances are used. 

The redaction is carried out in reverberatory fii^caces, m shaft 
furnaces, and occasionally in crucibles in pot furnaces. 

Th^ reverberatory fui'Mce process is simple and easily controlled, but 
is accompanied by considerable loss of antimony, and is therefore 
only used where ores ale rich and raw fuel cheap. 

The shaft furnace method causes less loss of antimony than the 
former one, and is less expensive, but presents technical difficulties. 
It is necessaxy to fonn a protecting slag which shall be sufficiently 
thin and fusible to protect the separated antimony from volatilisa- 
tion and from oxidation by the air blast. It may be employed for 
ores which are too poor in antimony to be work^ in reverberatory 
furnaces. 

Antimony ores are only exceptionally worked in crucibles, as the 
cost of fuel and labour is very high. 

Eeduetion in Mevcrberatoi'y Farnacee 

The loss of metal with these furnaces is high, amounting at the 
least to 12 per cent. ; indeed Helmhacker says it may rise as high as 
80 or 40 per cent. This pattern of furnace is (or was) in use at 
Bouc, at Septfemes, at Siena, in Upper Hungary, and abo in New 
Brunswick. 

At Bouc and Sept^mes the roasted ores are worked with oxidised 
ores from Algiers, and with antimonial flue dust.^ The furnace-beds 
are egg-shaped, 7 feet 10 inches long, 5 feet 3 inches wide in the 
centre, and 3 feet 4 inches wide at the fire-biidge. The bed b a 
deeply hollow one, built of fire-brick, and slopes from every part to 
the tap-hole in one of the longer sides. The tapping-pot is placed 
below the tap-hole, level with the floor of the shed. The height 
from the bed to the roof in the centre b 8 feet 3 inches, 
construction of the furnace b shown in Figs. 306 and 307. 

H is the bed, o the opening by which the charge b introduced, 

1 Simonin, BuHL de la SociHi de rindustrie, voL ii., bk. 4, p. S77. 

o a 0 



Hjtt' umAiimaY 

S lfl^lbwlh 4 imohw wide, 0 is the opemug through whtoh the 
is the tapping-pot; Fis the fire-bridge, the topcf 
k l|bet 4 inohaa above the fire-bars, and 1 foot below thereof , 
h the fire-plaoe,^ the roof ; z is the flue 8 inches in diameter, con- 
nected with ccmdensing chambers 400 feet long for the deporition 
of the antimonial vapour. At the end of the system of condensing 
chambers is the main chimney. The dust obtained from these 
chambers contains up to 50 per cent, of antimony. The charge for 
this furnace consists of 400 to 500 lbs. of roasted ore, oxidised ores 
and flue dust, 90 to 110 lbs. of a flux consisting uf salt, smaller 
niiATititics of soda and sometimes a small ouantitv of erlauber salt, 65 



to 75 lbs. ground charcoal and 220 to 3#30 lbs. of slag from the 
previous charge : this slag contains principally common salt. 

The fluxes are introduced into the furnace first, and fired ; when m 
a state of tranquil fusion, about an hour after charging, the introduc- 
tion of the other ingredients of the charge is commenced. These are 
added through the working door in portions of about 44 lbs. at intervals 
of 15 minutes and well stirred in. After the addition of each portion 
a scum is produced, which is drawn off through the working door. 
When the last portion has been added and stir^ in, the furnace is 
strongly fired, and the charge tapped, the whole process occupying 
from 4 to 6 hours. During the process the antimony is separated 
from its oxygen and sulphur compounds by the action of the charcoal 
and soda, gangue is slagged by the soda, and the foreign metals 
present are carried into the slag as sulphides by the action of the 
sulphide of soda resulting from the reduction of glauber salt "by the 
charcoal. The salt added to the charge acts, hke the glauber salt 


of th» 


and Boda, as a flax and ai» a mar, bat it alM mvAgOi mm 
foreign metals into the slag in the oonditioti of sldmlaa 

The fuel consumption is 6*-*6 cwta per ebaige, Md the toss 
amounts to 14 or 15 per cent of the total antimony oontained in the 
ore. 

The slag and metal collect in the tapping-pot, and iltWr they 
have become solid are lifted out together, after which the autunony 
rogulus is freed from slag and broken up. 

At Siena the procedure ivseitibleH that practisisl lormerly at 
Bouc and Septfemes^ The folloaiiis, aie figures obtained from the 
working of 830 charges * — 


3(18,838 lbs of roasted ore. 

288,918 „ 

„ sea salt 

12.C41 „ 

„ Hodaash. 

88, 828 

„ glauber salt 

38,205 , 

, slag from prev lous charges 

4,409 „ 

„ iron slag. 


Antimony obtained 113,578 lbs. The loss of antimony le not 
given. 

In New Brunswick the fiimaces are 8 feet 6 inches in diameter, 
the beds are built of fire-clay and are concave ; the depth in the 
centre is 1 foot 6 inches. The refining follows immediately after the 
reduction ; the roasted ore, 5 cwts. at a time, is spread on the red- 
hot bed, and covered with 1 cwt. of glauber salt, and 82 lbs. of 
c(Mftrsely powdered hard wood charcoal. After 4 hours the chaige is 
melted and effeiwescing ; the carbonic oxide which is liberated escapes 
through the layer of slag and bums. The chaige is rabbled until 
it ceases to boil, and then allowed to settle for half an hour. After 
this the charge is cooled by leaving the fire door open. When the 
slag has attained a low red heat and is in a pasty condition, it is 
drawn out, and the materials for refining are added ; the furnace is 
then strongl} heated. The added materials are 27*5 lbs. of glauber 
salt, and 11 lbs. of wood charcoal Sulphide of soda is formed 
and produces a slag with the impurities in the antimony. After 
an hour and a half the metal and slag are in a state of tranquil 
fusion, and the melted mass is ladled into iron moulds* The 
pouring is done in such a way that at least half an inch of thick 
slag remains on the surfi^^e of the metal in the mould. In thia 
way it is impossible for the antimony to begin to solidify before the 
mould is filled. As soon as the ingot is solid, the slag is removed : 

* Bidoa, loc ciV. * Knab, M^wyie, p. 52S. 
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it is essentially a sulpho-salt of antimony mixed with sodium car- 
bonate, and contains 15 per cent, of antimony ; the latter is re- 
covered by smelting the slag with one-fifth of its weight of iron. 
Information as to the amount of loss in the prooess is not published. 

In Hungary at one works they are said to combine the refining 
with the reduction. It is said that 5 cwts. of'roasted ore are smelted 
with 10 per cent, of small coal and 3*6 per cent, of glauber-salt ^ in 
reverberatory furnaces for 20 hours, the slags are then removed and 
22 to 25 lbs. of slag from a previous refining of antimony added. 
After this is fused, the ladling of the metal is proceeded with. 

lUdiiction in Shaft-Fumacea 

This method, as well as the reverberatory furnace method, was 
practised fonperly at Bouc and at Septfemes in France, and at Oak- 
land in California : at the present time it is in use at Banya in 
Hungaiy. 

At l^uc and Septemes ^ ores containing 30 to 40 per cent, of 
antimony ^were roast^ in reverberatory furnaces and smelted in 
shaft furnaces whicn were worked on the “spMr” principle with 
covered “ eye.” They were 10 feet 10 inches high, 2 feet 7 inches to 
3 feet in depth, and 1 foot 11 inches wide and had three tuyeres. 
No information is available as to the composition of the charges. In 
24 hours 2 to 2^ tons of ore were worked and the coke consumed 
was half the weight of ore. The crude metal produced containe<l 
92 to 95 per cent, of antimony and was refined. 

At Oakland in California, in 1882, oxidised ores were worked in a 
circular water-jacket furnace. The proportions of ore, etc., in the 
chaige were 80 parts by weight of ore, 100 of slag and 30 of coke. 
There was no satis&ctory arrangement for condensation, and the 
yield of antimony was only 77} per cent, of the assay value of the ore. 

At Banya’ the materials for the production of antimony were : — 

Roasted ore containing .... 48-49 per cent, of antimony. 

Unroasted oxidised ores .... 46 „ „ 

Unroasted liquation residues from 
the production of crude antimony 
containing 21*4 „ „ 

Boasted residues containing . . 23 

Flue-dust 56 „ „ 

Refinery slag 25 „ , 

' Berg.- und MmenhBeUung, 1S6S, p. 406. 

^ fSimonin, loe. cU. 

* Stahl tifid Xieen^ 1686, voL yi. p. 62. 
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These are smelted together in shaft furnaces 19 feet 7 jHchos 
high, the diameter being 4 feet 7 inches at the indpt and 
3 feet 4 inches at the tuyere ; etch fomaoe has 5 wgV^uyeres 
and is constructed 'with a closed crucible ; 8,000 (mUppet of wind 
are supplied per minute at a pressure of 18 incj||||pof water. A 
campaign or “run” lasts 3 weeks. The chai gep i B e of 2 different 
eompositions A and B below. 


Koaitedore 

Boutod midues from UquftUon . 
Ore numlded into Inniii mttk Ume 
Flue dust do. da 
UnroMted ore . • ...... 

Oxidised OTM 

Uneouted liquation residues . 

Limestone 

Foul slags lirom ssma work . . . 

Slags from rufinory 

Impure antimony (IIL helow) 


B. 


Rn. 

1218 

& 

1654 

132S 

441 


220 



220 


220 


220 


no4 

882 

-- 

441 


220 


The mixing of lime with the hue ore and fluo-dust is only done 
during the first 8 <Mr 10 days df the campaign, after that time they 
oan be added in their natural state without prejudice to the process. 
The quantities of lime used at first are, for fine ores, 10 per cent, by 
weight and for flue-dust 7 per cent 

These 2 charges are us^ alternately so that 2 charges of mixture 
A are followed by 1 charge of B, and in 24 hours a total of 30 cwts. 
is put through the furnace. The unrefined antimony obtained is of 3 
gr^es, of the following compositions : — 


L n. in. 

Antimony, per oent 90*02 73 ’SO 651)4 

Iron „ 6*28 16-66 23-80 

Kulphnr 2-85 S-42 10’46 


99-10 98*88 99-80 

For cent. Per oent Per cent. 

Proportion of total output . . 82'5 9-6 8*6 s 100 


The grades I. and II. are refined : the grade IIL is returned to the 
furnace in the charges as shown above. 

The slags produced in this operation have the following com- 


position : — 


I. n. 

SiO, 46*9 45*9 

CaO 84*6 81*4 

FoO 16*1 19*9 

Sb 0*5 0*9 


Slags which are not clean and contain large quantities of 
antimony are returned to the fomaoe. 
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S proposed to work the liquation residues of the com- 
»wn on p. 444 in a circular shaft furnace of the following 
height 19 feet 8 inches, diameter at the tuyere leyel S 
feet 4 inctle% number of tuyeres 3, air supply 630 cubic feet per 
minute at a pie^ure of 7*8 inches of water. He claimed that in a 
furnace of this description it would be possible to smelt 7 tons of 
residues with the addition of 150 per cent, of tap cinder, 40 percent, 
of limestone, and 5 piVheent. of gypsum or glauber salt, with aipoke 
oonKumption of 14 per cent, of the weight of the residues. 

Beduction in Pot Furnaces 

The reduction of roasted ores in crucibles in pot furnaces is, 
on account of its high cost, only adopted occasionally where a small 
quantity is required, and where rich ores or crude antimony are 
available. 

The roasted ore is fused with 10 per cent, of its weight of crude 
argol or with charcoal or anthracite and potash or soda, in fire-clay 
crucibles heated in ff^ind furnace or in a galley furnace. The 
melted metal is cast in iron moulds coated with tallow or thin 
fii e-clay cream. 

According to Knab S each crucible contains 26*5 lbs. of roasted 
ore with 10 per cent, of charcoal and 7*15 per cent, of salt or soda. 
The pots are arranged 10 or 12 in each furnace, and each pot turns 
out 4 or 5 charges in 24 hours. The consumption of coal is 70 to 
80 per cent, of the weight of the ore, and the life of each pot is 7 or 
8 charges. 


2. THE PRECIPITATION METHOD OP REDUCTION 

This method is applicable only to rich ores and crude antimony. 
It consists in replacing the antimony in the sulphide of antimony by 
11 * 011 , thus separating the antimony in the metallic state, and forming 
sulphide of iron at a comparatively low temperature. It is impos- 
sible, however, to completely separate the sulphide of iron from the 
antimony, on account of the high specific gravity of the former, and 
therefore sodium sulphate and carbon are added in order to produce 
sodium sulphide, which forms with the iron sulphide a fusible slag 
of low specific gravity which easily separates firoin the antimony. 
Common salt is used in England inst^ of sodium sulphate and 
carbon. Iron is best used in the form of turnings, shavings, of tin- 

^ Dingier, voL mxx., p. 253. 

^ Metallnrgg, p, 584. Psrii, ISOl. 
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plate cuttings. In the case of the latter the tin they contain does 
no harm. The proportion of iron must not be too high in the ease 
of ores containing sulphides of lead and arsenic, because the antimony 
would not only be contaminated with iron, but also with the lea<l and 
arsenic reduced by the iron from their respective compound^. 

With reference to this it must be borne in mind that where 
sodium sulphate and carbon are used, part of the iron is consumed in 
decomposing the sodium sulphate. It has been found by experiment 
that where 10 per cent, of glauber salt and 2 to 3 per cent, of coal are 
used, 44 per cent, of Iron is required ; this figure is giVon by Karsten^ 
but Liebig states that 42 per cent, is sulficient.and Hering uses only 
40 per cent. Berthier uses the following proportions :-Hiulpbide of 
antimony 100, forge scale 60, soda 45 to 50, coal dust 10. The iron 
in all cases separates out as the monusulphide FeS, or, according 
to Schweder, as the sulphide Fe^S^. 

In England it is usual to add excess of iron in order ip secure the 
separation of all the antimony in the ore : this however is only done 
with ores which are free from lead and arsenic. The excess of iron 
alloys with the antimony, and is removed by subsequent fusion with 
more sulphide of antimony. 

There is some loss of antimPny in the precipitation method owing 
partly to volatilisation of the sulphide and partly to the fact that the 
slags carry some away ; Karsten states that the yield where crucibleB 
are used is 64 per cent., Berthier 65 to 67 per cent. : the theoretic 
yield is 71*5 per cent. 

This method is carried out, as a general rule, in pot furnaces, 
but reverberatory furnaces are sometimes used in spite of the inevit- 
able loss of antimony; shaft furnaces have only been applied 
experimentally ; crucible furnaces are adopted in England, Himgary 
and other places. 

In English works, of which the principal ones are: — Messrs. 
Cookson and Co., Newcastle-on-T 3 me, Messrs. Hallet and Fry, John- 
son and Matthey, and Pontifex and Wood' in London, ores containing 
50 to 55 per cent, of antimony are worked.^ An antimony-iron alloy 
is first produced by fusing the sulphide in graphite pots with excess 
of wrought iron. This ensures the extraction of all the antimony 
contained in the ore. This alloy is then freed from the ircm it con- 
tains by fusing it in graphite pots with sulphide of antimony, and the 
metal obtained again fused with suitable materials in graphite pots 
in order to refine it. All three operations take place in the same 

1 Joum, Soc, Chem, Ind., Jan., 1892 ; EnffiiA MiHmg JbtinMJ, Mordh 12, 1882 ; 
The Minergi InduMry, 1802, p. 28. 
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furnace. The ore, broken to the size of hazelnuts, is smelted with 
wrought iron, tin-plate cuttings, salt and slag from the same pro- 
cess, or with shimmings from a subsequent one. Each pot holds 
a cWge consisting of 46*3 lbs. of ore containing 52 per cent, of 
antimony, 17*6 lbs. of iron, 4*4 lbs. of salt and 1*1 lb. of slag or 
shimmings. The iron usually consists of 14*3 lbs. of cuttings com- 
pressed into a cake and 3*3 lbs. of turnings and borings. The ore, 
salt, slag or shimmings as the case may be, and the borings are 
mixed together and placed in the pot, and the cake of cuttings is 
placed on the top as a cover. 

The furnaces in the largest works each contain 42 pots, which are 
heated by the flame from two fireplaces, one in each of the short sides 
of the furnace. In the centre of the roof is a flue which carries 
away the gases from both fireplaces. The bed of the furnace, includ- 
ing the two fireplaces, is 54 feet long and 7 feet 4 inches wide ; the 
roof is low and in it are 21 openings along each long side, through 
which the crucibles are put in and taken out. These openings are 
14 inches in diameter and are fitted with covers. The sides and roof 
of the furnace are bound with iron plates, and there are two smaller 
openings, 4 inches in diameter, in the shorter sides of the roof over 
the fireplaces for the removal of clinkers, &c. 

The two pots nearest the fire at each end of the furnace are 
charged with antimony for refining. 

The smelting of a charge for the production of the antimony-iron 
alloy takes 3 hours or a little less. When the charge is smelt^ the 
contents of the pot are poured into conical moulds and a new charge 
is introduced. When the contents of the mould are cold the matte 
and slag are removed from the surfree of the antimony by beating it 
with a hammer, and are thrown away. 

The antimony-iron alloy, technically knbwn as “ singles'* contains 
91*63 per cent, antimony, 7*23 per cent, iron, 0*82 per cent, sulphur, 
and 0*32 per cent, insoluble matter. 

The iron in the alloy is removed, as already stated, by fusion with 
sulphide of antimony. To ensure the complete removal of the iron, 
excess of the sulphide is used. The iron sulphide separates as a 
matte, and common salt or sometimes soda ash is added as a cover 
and to flux the sulphides. The charge consists of 92*6 lbs. of broken 
regulus, 7*5 to 9 lbs. of liquated sulphide, and 4*4 lbs. of salt, and 
the same furnace is used as in the former process. The fused mass 
is stirred from time to time with an iron r^, and the time required 
for a charge is about 1^ hours. At (he conclusion of this fusion 
the slag and matte are removed with an iron spoon and the con- 
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tents of the pot poured into a conical cast iron mould, the matte 
and skimmings being added to subsequent smeltings of ore. 

The metal which at this stage is known as howW contginH 
95*53 per cent, antimony, 0*18 per cent. iroUi and 0*16 per cent, 
sulphur. The presence of sulphur, which is due to the excess of 
sulphide used in the second fusion, may be recognised by the appear- 
ance of small glistening patches in the crystalline pattern on the 
sui&oe of the casting. 

In order to leaoire the snifhar ead to psodose the 8n-eaile<^ ' 
star ardimony " the dor lowh ^ have to be further refined. To do 
this a fused mixture of potarii and snlphide of antimony is added to 
the metal in a graphite crucible in the same fuinace as was used in 
the previous operations. The charge is 92*6 lbs. of metal and 
8*8 lbs. of the fluxes, the latter being added after the fusion of the 
metal. The pots are placed in the hottest part of the fomaoe as 
close as possible to the fire, and, when the fusion is complete, the 
contents of the pots are stirred with an iron rod and poured. 

The consumption of coal per week for the above method of> treat* 
inent is 22 tons or 1} tons per shift of 12 hours. Eleven crucibles 
are used, on the average, per ton of antimony produced, and 35 men 
are required to work a fbmace, as shown in this table : — 


Firemen 

Per side of the 
f umaoe per Shift, 

IS hours. 

. . . 1 . . . 

For the whole 
furnace per shift, 

IS hours. 

Per day 

84 hoora. 

. • . 4 

Famacemen 

. . . 4 . . . 

. . — . . . 

. . . 16 

Refinere 

... — ... 

. . . . 2 ... 

. . . 4 

Metal breakers 

. , . ... 

... 2 

. . . 4 

Obarm mixer 

Workers on day shift only, viz., 

onel 

. . , . 1 . . 

. . . 2 

smith, one boiler and engineman, ]- — . , . , 

. — . 

. . 6 

and three labourers .... 

• . ) 


85 


The loss in this process is 10 per cent, of the antimony con- 
tained in the ore, the greater part of which is due to volatilisation 
during smelting. Condensing chambers arc connected with these 
furnaces and are cleaned out four times a year, when a large quantity 
of white flue-dust is obtained. This contains 70 to 72 per cent, of 
antimony and is mixed with coal dust and smelted with charges of 
ore. 

At Magurka, in Hungary, the precipitation method was formerjly 
in use : pot furnaces and graphite crucibles were employed. Charges 
of 20 to 22 lbs. of antimony sulphide with iron, potash, and pan scale 
(fix>m salt works) were treated. The process was divided into two 
operations. 
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Beverberatoiy furnaces are said to be in use at Linz, Schleiz in 
Germany, and at Alais in France. It is impossible to prevent con- 
siderable loss by volatilisation in these furnaces, and they must 
therefore be connected with very long condensing flues in order to 
collect the metallic fume. The bed too must be very tight in order 
to prevent leakage of the fused metal, which is very fluid. At the 
deepest point of the bed a tap-hole is provided for drawing off the 
smelted charge. The detailed results of work in these furnaces are 
hot known to the author ; in any case there must be much greater 
loss than in the pot furnaces. 

Hering has experimented with shaft furnaces for the treatment 
of liquation residues by the precipitation method. Although his 
experiments were hot continued as &r as the attainment of a definite 
result, and in spite of the unsatisfactory results of previous workers, 
it appears that this method could be carried out in shaft furnaces and 
that the result would be the more satisfactory the richer were the 
ores which were treated. 

Products of the JSxtractim of Antimony 

These are unrefined antimony and slags. The former contains 
a series of foreign elements, more particularly arsenic, iron, copper 
and sulphur, as the following analyses show : — 



1. 

2. 

.3. 

4. 

5. 

Method of extraction 

Precipitation. 

By reduction of 
oxidised oreH. 

From Fahlore-speiss 
desilverised by 
amalgamation in the 






Stephan Works. 

Fumaoe used . . . 

Reverberatory. 

Shaft furnaces. 

— 

Analyst 

Helmhacker. 


— 

— 

Sb 

04*5 

84*0 

97-2 

95*0 

90*77 

S 

2*0 

5*0 

9-2 

' 0-75 

20 

Fe 

8*0 

10-0 

2*5 

4*0 



Co V 

Ni . . . . 1 

— 



— 

1*50 

(Ju 




— 

5*73 

Ar 

0*25 

1*0 

0-1 

0*25 

— 

An 

traces 

— 

— 

— 

— 


The impure antimony has to be refined. 

Slags from the extraction of antimony by the roasting and reduc- 
tion method consist principally of silicates, those from the precipita- 
tion method of silicates and sulphides. Some of them are thrown 
away and some are used in the first smelting of the ores. 
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THE EXTRACTION OF ANTIMONY FROM METALLURGICAL BYE-PRODUCTlif 
WHICH* CONTAIN ANTIMONY 

The following bye-products are produced in the process of ex- 
tracting antimony from its ores: liquation residues, matte, slogs, 
refinery slags and flue dust. These, if suflScieutly rich, are added to 
the charges in smelting the ore ; the liquation dross, however, is 
subjected to a preliminary roasting, and the flue dust is iatimatdy 
mixed with lime, before it stnelted. Liquation residues are also 
sometimes treated separately in shaft furnaces. 

At tho Stephan Works in Upper Hungary, antimony is eximeted 
from the speiss, which has been dosilverised by amalgamation ; this 
speiss is obtained by smelting &hl*ares. Tho antimony is extracte<l 
by smelting the speiss with pyritic ores in shaft fumacea Tho 
copper is converted into sulphide by the sulphur of the pyrites, and 
the impure antimony obtained is refined. 

c. The jRefining of AiUimony 

Unrefined antimony, as already stated, usually contains sulphur, 
iron, arsenic and copper, and frequently lead as well. These im- 
purities, with the exception of lead, can be eliminated partly by 
oxidising and slagging agents, partly by sulphurising agents, and 
partly by chlorinating agents. Sulphur is removed by fusion with 
soda or potash or antimony glass (antimony oxysulphide). 

Arsenic is converted by soda or potash into arseniate of soda or 
potash, and can thus be removed. Copper and iron are converted 
by sulphide of antimony into sulphides ; the conversion is facilitated 
by the addition of soda or potash, or of glauber salt and charcoal. 
The sulphides of iron and copper form a slag with the sulphide of 
sodium, which results from the reduction of the glauber salt, and 
with the soda or potash present. They can also be removed easily 
by antimony glass. 

Common salt, carnallito or magnesium chloride, when added, 
cause the volatilisation of some foreign metals as chlorides, and slags 
the others. A large quantity of antimony, however, is volatilised at 
the same time, so that on the large scale this method is attended 
with great loss of metal. 

The above-mentioned methods do not eliminate lead, because 
metallic antimony separates lead from its oxide or sulphide; lead 
can only be separated from antimony by chloridising, which causes 
great loss of antimony, and even then the lead is only incompletely 
removed. 
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Miteeherlioh suggested that the lead should be removed from the 
sulphide of antimony before the latter was smelted, by fusing the 
sulphide with 4 per cent, of iron ; by this means the whole of the 
lead and a comparatively small amount of antimony would be 
removed. From all this it is obvious that the best way to produce 
an antimony free from lead is to use an ore which is itself free from 
that impurity. 

It has already been pointed out that in commerce antimony is 
judged by the appearance of the fem-like “star” on its surface. 
This characteristic is not exhibited by impure metal, nor by the pure 
metal if any part of the surface has been exposed during solidifi- 
cation, nor if the slag covering set before the metal, nor if undecom- 
posed soda or potash come into contabt (even in minute quantities) 
with the surface. Ingots which do not show the star must, if 
impure, be refined, and if pure, be recast and allowed to cool under 
the proper conditions. Small ingots will show only a single large 
star, while larger ones will show several and will have a fern-like 
pattern on their sides. 

The refining is done either in cnicibles in pot furnaces, or in 
reverberatory furnaces. The former method requires a greater fuel 
consumption, and therefore for the production of large quantities of 
refined antimony, reverberatory furnaces are preferred, but the loss 
of metal in the process amounts to between 20 and 80 per cent. 
At many works in England the it*fining is performed as a part of 
the process of extraction. 


1. REFINING IN POT FURNACES 

This kind of furnace is, or used to be, in use at Sept^mes in 
France, in England, and at Oakland in California. 

At Sept^mes, 30 crucibles were arranged on a level bed in one 
furnace ; the shape of the furnace being that of a barrel cut length- 
ways down the middle. The following were the dimensions of the 
furnace : — length, 7 feet ; breadth across each end, 4 feet ; breadth in 
the middle, 5 feet ; the bed was (> inches lower than the bridge. 
'Fhe roof was 8 inches above the bridge, 1 foot 6 inches above the 
middle of the bed, and 10 inches at the end where the flue left the 
furnace. The dimensions of the fireplace were: — length, 5 feet; 
breadth, 1 foot 8 inches ; depth from roof to bars, 1 foot 4 inches. 
The working door was placed in the front longer side and was 20 
inches wide. The crucibles were made of fireclay and stood ^ or 6 
chaiges each, each charge consisting of 48*5 lbs. of impure antimony. 
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The flux used was a mixture of sviphate and carbonate of soda 
with a little salt and pure oxidised antimonyores; 18 to 17 lbf(^» 
of this mixture was add^ to each charge. The firsioii was conducted 
at a low red heat and lasted 6 hours, during which time 450 to 
550 lbs. of coal was used. 

In England, the refining is carried out as desCkH^ed on p. 458. 
The fiux used is prepared by fusing together 3 parts of potash and 2 
jMirts of crude antimony ; 8*8 lbs. of this is added to 185 lbs. of the 
impure metal, which must be carofiilly cleaned firom adhering slag 
and matte. At the cenclusion of the fusion, the contents of the poC 
are poured together into a conical mould; when cold the slag is 
easily separated from the metal The slag is used again with the 
addition of a little potash. The star only appears whtm the surfisce 
of the cooling metal is completely covered with a quarter of an inch 
of slag. When the ingot is cold the slag is removed by scrubbing 
with water and sand. 

2. HEFINING IN REVERBERATORY FURNACES 

Beverberatories are or were used at Milleschau, at Banya, at Siena, 
and at Oakland. It is most necessary that the furnace should have 
a tight bed and one which will resist the action of the fused alkalies, 
otherwise the metal will leak through. It is best to build it of 
blocks of a native fire-resisting stone such as granite; newly cut 
stone, however, cannot be used, partly weathered and seasoned stone 
being better.^ If such stone is not available, a mixture of burnt 
and raw clay may be used, but in this case it will need to be rammed 
into an iron pan. 

Figs. 308, 309 and 310 show the construction of a furnace built 
by Bering at Milleschau, and used and worked successfully, and which 
was particularly commended by Helmhacker.^ 

The bed consists of a granite block g which is carried by three iron 
ndlers c, in order that it may be easily placed in and removed bom 
the furnace. The rollers run on the three railway bars /. The bed 
is in contact with the furnace wall only at the front, or working side. 
There is a depression or sump in the bed at d, in which the antimony 
collects and from which it can be ladled; b is the working door at 
the opposite end to the firebridge. On account of the difficulty of 
working with only one door, the later patterns of furnace axe provided 
with two opposite to each other, one on each side at the flue end of 

1 Berg.- una Hutten-Beifuiig, 18S8, pp. 1, 44, 145, aad 172. 

• Berg.- vnd 1888, Zot. tit. 
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the fumaoe. One of theni^ie need to draw the 8hi|f» and the other ia ' 
used foi^ ladling the metal and ohaxging. The firebridge ia provided 
with vertical channels a, in which air for the complete combnstipn of 
the fire gases can be heated. These channels are connected with a 
horizontal flue ronnixig through the bridge and provided with a slide, 
so that the amount of air admitted may be regulated. G ip the 
chimney provided with a damper. The charge for a furnace of these 
dimensions is 1,200 to 1,500 Ihs. exclusive of the fluxes. 

At Banya the bed is built of fireclay 11 inches thick contained by, 
and well rammod inte, an iron box*18L feet long and, 8 feet 2 indies 
wide. A charge consists of 10 cwt. of unrefined metal. 

In the Milleachau iumaoe described above, antimony which 
contains large quantities of impurity is refined first by and 
then by antimony glass, while the purer sorts are refined by antimony 
glass alone. The tetroxide of antimony used in making the glass is 
obtained in the form of crusts which form in the hottest part of the 
chimney. According to HelmhacW ^ the procedure in refining is 
as follows : — 

The charge of 1,200 — 1,500 lbs. is thrown into the red hot furnace 
as rapidly as possible, and melted in less than an hour. Vapour of 
antimonious and arsenious oxides are given off both during the 
charging and during the fusiem. According to the purity of the 
metal from 3 to 7 per cent, of soda is added as soon as it is fused ; it 
is well to mix a little coke-dust or fine charcoal with the soda : after 
this, the heat is raised to bright redness in order to fuse the soda. 

The slag gradually becomes thicker and thicker till, after about 8 
hours, the bubbles, which at first were numerous, rise very slowly 
through the charge. The slag is then very carefully skimmed off 
through the working door. 

At this stage iron and sulphur are still left in the metal, and to 
remove these the materials for the formation of antimony-glass are 
now added. For each 100 lbs. of antimony in the charge, 3 lbs. of 
liquated sulphide of antimony and 1} lbs. of antimony tetroxide are 
thrown in, and when these are fused 4^ lbs. of potash or white flux 
are further added. 

The fluxes must completely cover the bath of metal 

At the end of a quarter of an hour the antimony is pure and 
may be ladled, which is done with iron ladles, very cautiously, in 
order to secure the starred appearance of the ingots. When cold the 
ingots are removed from the moulds and the layers of slag broken off 
by means of a hammer. 

^ Berg,-wui H'ilUen-JSeUu$tg, 1888 , loe. cU. 
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Three charges of 1,300 to 1,600 lbs. each can be refined in one of 
these furnaces in twenty-four hours; the consumption of coal is 
1,800 lbs. for the three charges. 

The slag obtained in the last process of refining, the so-called 
i^ar dag, consists principally of antimony glass, and contains from- 
20—60 percent, of antimony; it is genendljr used over again for 
refining. When it becomes too impure for this purpose, it is added 
to charges of ore which are about to be smelted ; the other slags 
obtained in the course of refining are also smelted with ore charges. 
The impurities in star slag are sulphides of iron and nickel, iron 
oxides and silica. 

Loss of metal takes places in refining by volatilisation and in the 
flue dust, and amounts to 20 — 30 per cent. Flue dust is principally 
antimony trioxide and tetroxide. The cost of refining is said to be 
2} to 3 marks per 100 kilos (i.e. la 3^^. to la per cwt.). 

At Banya the charge for the furnace above described is 990 lbs. 
of higher grade metal (90 per cent. Sb), and 110 lbs. of the lower 
grade metal (74 per cent. Sb). To this is added 92*6 lbs. of sodium 
sulphate, 11 lbs. of powdered charcoal and 330 lbs. of raw ore. After 
10 hours the slag is drawn off and the materials for forming the star 
slag are added, viz. : — 2*2 lbs. of crude antimony, 13*21bs. of roasted 
sulphide of antimony, 7*6 lbs. of potash and 6'7 lbs. of soda ash. The 
refined star antimony which is obtained contains impurities to the 
following amounts : — 


Arsenic 0*330 per cent. 

Iron 0*062 „ 

Silver 0*006 „ 

Sulphur 0*720 „ 


Total impurity . . 1’108 „ 

At Siena, where the unrefined metal is less impure, the total 
weights of 260 charges are given as follows; — 116,265 lbs. of un- 
refined metal, 27,229 lbs. of salt, 767 lbs. of roasted ore, 12,649 lbs. 
t)f refinery slag. The refined antimony obtained was 107,697 lbs., 
which is equal to 93*6 per cent. 


The Products of Refining 

These are — ^refined antimony, refineiy slag and star slag. 

Refined amJlimony — ^The composition of metal fi:x»m difimnt 
sources is seen from the table on following page. 
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Refinery slag coniaifut from 20 to dO per cent, of antimony, and 
is a mixture of soda, sodium sulphatimoniate, antimony tiioxide and 
tetroxido, ferrous oxide, iron s^phide, arsenic oxide, and smaller 
proportions of silica and alumina ; it is added to chai^ges of ore. 

Star dag consistB principally of antimony glass, and is used re- 
peatedly till it becomes too impure for further use in refining, when 
it is added to ore chaiges. 

II. Proposals for the Extractiok of Antimony by Wet 
Methods 

There have been several proposals of this nature for the extraction 
of antimony from poor ores and liquation residues, but as yet they 
have found no practical application and appear to have no prospect 
of adoption. 

Hydrochloric acid, ferric chloride and alkaline sulphides have 
been proposed as solvents. 

The method of Haigraves^ is, to treat the finely powdered ore 
with hydrochloric acid, heat being applied at the same time. The 
solution after being neutralised with lime is to be treated with zinc 
or iron in order to precipitate the antimony. The precipitated metal 
is to be washed successively with antimony trichloride solution^ 
hydrochloric acid, and water, and then fused with potash in crucibles* 

Smith's method is similar. 

Hcring also proposes hydrochloric acid as a solvent for liquation 
residues.^ He precipitates the Antimony from the solution as basic 
chloride, by water, or as sulphide by sulphuretted hydrogen* The 
latter is to be obtained by digestif the liquation residues with 
hydrochloric acid. The basic chloride or sulphide obtained is nob 
further treated but is to be sent to market as such, 

^ Dinner , vcA. ooiiL, p. 1S8. 

* Dingier , yoL oozxz., p. 258. 
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. I^od. Koepp Sb Co. i propose fenio chloride as a solvent Sulphide 
of antimony i^uces it according to this equation : — 

3FeA+SbA=6FeCl,+2SbCI,+S,. 

E. W. Pamcll and J. Simpson ‘ have proposed alkaline sulphides as 
solvents. 

Ill Methods Proposed for Extractino Antimony Electuo- 

LYnCALLY 

Although Classen^ and Ludwig published in 1885 a method for 
the electrolytic determination of antimony, no method of extraction 
based on this principle has hitherto been adopted. It is question- 
able, apart from the technical difficulties, if antimony can be profit- 
ably extracted in this way. 

Borchers^ has proposed a method, based on his own experiments, 
for the extraction of antimony from ores by the use of insoluble 
anodes. He uses as solvent sodium sulphide which easily dissolves 
antimony sulphide, and separates the antimony from the solution by 
means of the electric current. The action takes place best when three 
molecules of sodium sulphide (NajS) are present for each molecule 
of antimony sulphide (Sb 2 S 3 ). If the antimony sulphide exceeds this 
proportion, sulphur is liberated and interferes with the action, while 
if sodium sulphide be in excess, the resistance of the electrolyte is 
increased. The strength of the solution should not exceed 9'" B. 
when hot or 12'’ B. when cold, and to this 3 per cent, of salt is added. 
The latter promotes the seimration of the dissolved sulphide of iron 
and reduces the electric resistance of the liquid. 

Iron tanks are used as decomposition cells, and serve also as 
cathodes. When the tanks are rectangular iron plates are suspended 
in the liquid to increase the cathode sur&ce. Lead plates are used as 
anodes. Lead is not dissolved by the electrolyte in the presence of 
sulphur compounds ; these latter also prevent the formation of large 
quantities of lead peroxide at the anode as it is reduced at once by 
the sulphur as soon as formed. 

The tension required in each cell for the decomposition is stated 
to be 2 to 2| volts, with a current of 3*7 to 4*6 amp^i-es per square 
foot. 

1 Qennui Patent, No. 66,547, of 12 April, 1692. 

> En^sh Fetent,,No. 11,882, of 1 September, 1884 1 Chem, Elp., 1886, p, 412. 

» Bir, JkutBeh, Chem, (?«., vbL xviiL, p. 1104 ; CUeeen, Quant. rW. Amal. durrA 
Bteetruiyee. Stuttgart, 1886. 

« Blectro-Metailurgie, p. 148. Braunschweig, 1801. 
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Borchera is of opinion that the chomioal changes which take place 
during the electtolysis axe probably the following:*^ 

First the current decomposes three molecules of water:— 

3Hj0*3H,+80. 

At the cathode the following decomposition takes place : — 
Sb,S3-h8Na^H^3H«p-Sb,-f 6NaHS ; 
and at the anode the action is represented by the eqtuitkm 
<JNaHS+30«SH,0+8Na|Sr 

Other changes also take place duribg the eleotrolysis, owing to 
incomplete circulation in the bath. These minor changes are due 
to the presence in the hath of sodium hydrosulpkide, i^ium disul* 
phide and sodium hyposulphite ; the presence of all of which in the 
decomposition products has been quantitatively demonstrated by 
Borchers. He assumes that oxidation takes place at the contact of 
the anode with the liquid^ before the decomposition products can 
pass from the cathode over to the anode. 

According to the strength of the current, the antimony is de- 
posited either as a black powder or in glistening scales ; part of the 
deposit adheres to the iron and part falls to the bottom of the cell : the 
former is easily detached with a steel brush. The deposit is washed, 
dried and fus^ under antimony glass, yielding a very pure metal. 
The residual liquor is worked up for the extraction of the sodium 
hyposulphite contained in it 

As has already been pointed out, the whole success of this method 
depends on the use of insoluble anodes, and it has not yet been put 
to the test of use on the laige scale. 

Borchers has also proposed a plant for the extraction of antimony 
from ores.^ 

Koepp’s method is to act on antimony sulphide with ferric 
chloride, with the formation of ferrous chloride and antimony tri* 
chloride, while sulphur is separated, thus: — 

2Fe|01^ SbgSj*4FeClj +* Sb^Ol^ + Sg* 

The solution is electrolysed at a temperature of 60^ C. between 
lead plates. The antimony is deposited at the cathode and fiorrin 
chloride is formed at the anode. The current used is 8*7 amjAxee^ 
per square foot, but no information is given about the potential in 
the bath. 


> Eleeiro-Jli^iatturgie, ISfNI, p. SS7. 
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Sienieiui and Halske > use as solvent eitber the sulphides, hydro- 
aolphides or polysulphides of the alkalis. The finely ground ore is 
lixiviated with a solution of the sulphide or hydrosulphide as the 
ease may be, when the sulphide of antimony is brought into solution 
in the form of a double salt, e.g, with NaHS : — 

Sb^ 3 + 6NaHS « Sb^Sj-SNajS +3H,S. 

The liquor is then led into the cathode division of a bath which 
is divided by diaphragms into series of anode and cathode divisions : 
the former being clos^ and gas-tight and containing insoluble anodes 
of carbon or platinum, and the latter being open and fitted with 
cathodes of copper or antimony plates. 

The double salt is decompose at the cathode, viz. : — 

Sb^SaaNa^S+fiE^ 2Sb-|-6NaHS. 

In this way, in addition to the antimony, there is obtained a 
liquor which can be used again to dissolve more of the sulphide. 
Salt or some other alkaline chloride can be added to the solu- 
tion in the anode cell, whereby chlorine will be liberated. If the 
lixiviation residues contain gold, silver, copper, mercuiy, bismuth, 
zinc, cobalt or nickel, they can be dissolved by means of the chlorine 
as chlorides and then precipitated by the sulphuretted hydrogen 
evolved during the lixiviation. If there are none of these metals to 
be treated in this way the chlorine can be used for other purposes, 
€.g, bleaching. 

It is said that this method is applicable both to ores and to 
metalluigical bye-products , but no practical application appears to 
have been made of it so far. 

Impure antimony which contained gold was for a short time 
worked up for the extraction of both metals at Lixa near Oporto in 
Portugal : * the process was, however, given up on account of the high 
working cost Plates of the impure antimony were used as anodes, the 
electrolyte being a solution of antimony trichloride. The latter was 
made by dissolving the trichloride in a concentrated solution oT salt, 
potassium chloride or ammonium chloride strongly acidified with 
hydrochloric add. When the current was passed the anodes slowly 
dissolved, the antimony being deposited on the cathode while the 
gold in fine powder fell to the bottom of the cell. The material of 
which the cathode was made is not stated. In spite of the &ct that 
soluble anodes were used, the method proved to be too costly. 

> Gennui BMwnt, No. 67,973, June 89, 1892. 

* J. H. Vogel, Zekaehr. fOr Angewitid. CVUmie, 1891, p. 327, end ^dereon. 
Germen Fetent, Na 54,819, Febrnery 89, 189a 



AKSENIC 

PHYHlCAt PBOPERTIBR 

This metal posaeaseH a steel grey colour, and shows a hrillia&t 
lustre when freshly broken ; it is known in both the crystalline and 
amorphous conditions. The crystalline form belongs to the hexo- 
gfonal system, and is isomorphous with tellurium and antimony, 
while the amorphous form Is a dark grey powder which changes into 
the crystalline modification when heated to 370^ C. 

The crystalline form can be obtained by collecting the vapour of 
the metal in a receiver which is only a few degrees colder than the 
vapour itself ; if the difference of temperature be great the amor- 
phous form is deposited. It is also deposited in the amorphous 
condition when the vapour of arsenic mixed with other gases (a^., 
hydrogen or oxides of carbon) is cooled 

The ciystalline form is brittle and somewhat hard, but the cast 
metal flattens slightly under the hammer, although it is easily 
broken. 

The specific gravity of the crystalline variety is 5*727 at 14* C., 
and its specific heat 0*088 (Wiillner and Bettendorf). The specific 
jiravity of the amorphous variety is 4*71. 

Arsenic can be fused at a dark red heat if contained in a sealed 
^lass tube under pressure.^ 

According to Conechy arsenic volatilises at a tempeiature of 
448* — 460* C. as a citron yellow vapour which has a strong smell of 
garlic; it is doubtful if the smell is due to the metal or to some 
low oxidation product. The vapour, as already pointed out, may 
be condensed either as crystals or as a dark grey amorphous powder. 

1 Laodolt and Mallet, Dingier, vol. ocv. |i. 675. 
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THE CHEMICAL PROPERTIES OF ARSEKIC AND ITS COMPOUNDS 
THAT ARE OF IMPORTANCE IN ITS EXTRACTION 

Amnic does not change in dry air at oidinaiy temperatures, but 
in damp air it loses its colour and brilliancy and changes slowly into 
arsenious oxide. When heated in the air it bums with a bluish-whito 
flame, forming a copious white cloud of arsenious oxide. 

Nitric acid oxidises it to arsenious oxide. Aqua regia dissolves 
it easily, forming a mixture of arsenious and arsenic oxides. Hot 
concentrated sulphuric acid dissolves it with liberation of sulphur 
dioxide: the dilute acid does not attack it. Hydrochloric acid 
attacks it only in presence of air, and then but feebly, with forma- 
tion of arsenious chloride. Chlorine combines eagerly with it in the 
cold, forming arsenious chloride. When heated with sulphur it 
forms sulphide of arsenic. 

If anenic be heated with nitre or chlorate of potassium, an 
active oxidation of the metal takes place, and potassium arseniate is 
produced. 


OXYQEN COMPOUNDS OF ARSENIC 

Arsenic forms two compounds with oxygen, arsenious oxide and 
arsenic oxide ; both of these are acid-forming bodies, and have a much 
wider technical application than the metal has. 

Arsenious Oxide, o?* As^O^ 

This is also known as arsenious anhydride, arsenic trioxide and 
white arsenic. It is white, and occurs in both the crystalline and 
amorphous states. 

The crystalline form is dimorphous ; it ciystallises in the cubic 
and in the rhombic systems. Octahedra are obtained by cooling a 
hot aqueous solution of the oxide ; a solution in hydrochloric acid 
gives better results. Rhombic prisms crystallise from a saturated 
solution in caustic potash. The latter form can also be obtained by 
heating arsenious acid in closed vessels to a temperature of 300’’ C. 
when left at rest for a long time it slowly changes into the amor- 
phous form. 

' Amorphous arsenious acid, also known as "arsenic glass,” is 
prepared by subliming the crystalline variety at a high temperature. 
It is a white transparent mass, which, when left at rest for a 
long time, changes into the crystalline form, loses its transparency, and 
assumes a porcelain-like appearance. When arsenious oxide is heated 
in a closed tube placed in a vertical position, the lower end being 
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at a temperature of 400'* Q. and the upper at SOO'’ C» tbe anebioua 
oxide in the lower part of the tube will be found in the teiorphoua 
condition, that in the middle in rhombic prisms, and that at the 
upper end in octabedra. 

Tbe amprphous variety dissolves readily in water ami alcohol 
The crystalline varieties, however, are only soluble with d^nlty in 
these liquids. 

Amorphous arsenious oxide fuses when heated at the ordinary 
pressure of the atmosphere; the ciystalline variety, on 1;he other hand., 
only fuses under pressure, and solidifies again in the amorjphous form. 

Arsenious oxide volatilises when heated. The temporature at 
which it volatilises is given by Wurts at 200**, by Watt at 218* by 
Wormley at 190* C. When a solution of the oxiiie is evapomtedr 
the oxide volatilises with its solvent between 100^ — 160*C, Arsenioua 
oxide is reduced when heated with charcoal ; the metal volatilises and 
may be obtained as a brilliant black sublimate. 

Arsenious oxide is a powerful reducing agent, and is extensively 
tised on this account as a decoloriser in glass-making, in the 
iiianufocture of copper colours, and for the manufacture of yellow 
arsenic glass. 

Arsenious oxide does not combine directly with oxygen, but by 
the use of strong oxidising agents, such as aqua regia, chlorine, 
nitre^ and nitric ac^d, it can be converted into the higher oxide of 
arsenic, arsenic oxide. The principal use of arsenious oxide is in 
preparing arsenic oxide, which is largely employed in the maniiftcturc 
of aniline dyes. 


Arsenic Oxide or Arsenic Anhydride^ 

This exists both as the anhydride and in combination with water 
as the corresponding acid. As is the case with the corresponding 
oxide of phosphorus, arsenic oxide forms three different acids, arsenic 
acid Hj|As 04 , pyroarsenic add, H^As^Oy, and metarsenic add, HAsO^ 
These and their salts are isomorphous with the corresponding adds 
and salts of phosphorus. The pyro- and meta-adds of arsenic/ faow« 
ever, are not stable in aqueous solutions as the corresponding adda 
of phosphorus are; in contact with water they are converted into 
the ordinaiy ortho-add. 

The anhydride is a white substance which is only slightly soluble 
in water, but combines with it if the two are left in contact for a 
time, forming the acid, which is soluble. At a redheat theanhydride 
fuses and decomposes into arsenious oxide and oxygen* 
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Aneoic acid of oommercei H^04» is a thick liquid, which, on 
hewg heated to the temperature of 180 “ C., changes into hard,glisten- 
mystals of the pyro-aoid, H4AS2O7, with elimination of water. 
At a higher temperature, 200 “ 0 ., more water is eliminated, and the 
ineta^id HAsOg is obtained, a white glistening body resembling 
mother^f-pearL 

SULPHIDES OF ARSENIC 

Arsenic forms three sulphides, arsenic disulphide, AS2S2, arsenic 
trisulphide, AS1S3, arsenic pentasulphide, AS2S3. 

The disulphide occurs native as the mineral realgar. A substance 
of similar composition is manu&ctured under the name red arsenic 
glass. This latter substance is used in the preparation of the so- 
called “ Indian fire,** and also in tanning, where it is combined with 
lime for the removal of hair firom the hides. It was formerly widely 
used as a pigment, but latterly has largely gone out of use. 

The trisulphide is found in nature as the mineral orpiment (auri- 
pigmentum). It can be prepared artificially by passing sulphuretted 
hydrogen through an acidified solution of arsenious oxide* If this 
sulphide be heated out of contact with air it fuses to a yellowish-red 
liquid which volatilises without decomposition at the temperature of 
700 “ C. If heated in the air, however, it bums with the production 
of arsenious oxide and sulphur dioxide. It is insoluble in strong 
hydrochloric acid, while the sulphides of antimony and tin are 
soluble. It is soluble in solutions of .the caustic alkalis and in 
solutions of the alkaline carbonates, forming an arsenite and a 
«ulpharsenite of the alkali metal, e,g . : — 

2As2S2+4E0H==KAs02+dKAsS2+2H20. 

Arsenic trisulphide is again precipitated from this solution on 
adding an acid. 

This sulphide of arsenic was formerly highly esteemed as a pig- 
ment in oil painting, but has of late years been replaced by chrome 
yellow and picric acid. It is chiefly used now in the same way as 
realgar is. 

Arsenic pentasulphide is prepared either by fusing together the 
4 iriBulphide and sulphur, or by treating sodium sulpharseniate, 
J^a2A8S4, with an acid. The latter salt is obtained by acting on the 
trisulphide with polysulphide of sodium. 

HYDRIDES OF ARSENIC 

There are two of these compounds, gaseous arseniuretted hydrogen, 
AsHj, and solid arseniuretted hydrogen, A84H2. The former, which 
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extremely poisonous, is prepared by generating hydrogen in n 
eolation whidi oontams arsenie; the latter is a brown scSid body, 
and is prepared by acting on pure sodium arsenide with water. 

CHLORIDE OF ARgSKIC 

is produced when powdered arsenic is burned in chlorine gas, or by 
<listilling arsenious oxide with hydrochloric acid. It is an oily 
•colourless liquid which, when expos^ to the air, evapomtes in white, 
highly poisonous vapours. 

OOIIBIWATIONS OF ABHBKIC WITH OTHER METALS 

Arsenic combines with certain metals forming bodies known 
asspeies. These only faintly resemble alk^, being much more 
closely allied to the coinpoi^s of metals with the non-metallic 
dements.^ 


ORE8 OF ARSENIC 

Arsenic and its technically important compounds are extracted 
from nickel and cobalt ores as well as from specific ores of arsenic. 
Among the latter, native arsenic, miapioleel, and leueopifrite are the 
most important. The other arsenic minerals, arsenic hloom, realgar 
and orpiment, occur but sehlmn, and do not form the subject of 
special processes for the prepaxation of arsenical products, but are 
worked up with other ores of arsenic. 

Native Arsenic 

Native arsenic, also known flaky arsenic, usually contains small 
quantities of iron, cobalt, nickel, antimony, silver and frequently 
also gold. It usually occurs in association with silver, lead, cobalt 
and nickel ores, and is found at Freiberg, St. Andreasbeig, Kapnik 
in Hungary, Eongsbeig in Norway, at St. Marie-aux-Mines and at 
Allemont in France, and in Cornwall 

Miepickd, 

FeS^+FeASg, arsenapyriU, or arsenical pyrites, contains arsenic, 46*1 
per cent., sulphur, 19*6 per cent., and iron, 34*3 per cent. The 
iron is sometimes replaced to the extent of from 6 to 6 per cent, by 
•cobalt, in which case it constitutes a cobalt ore. It also contains 
eometinies quantities of gold and silver. It is the most widely 
distributed ore of arsenic, occurring in the Erq^ebiige, Silesia (at 

> Schnabel, Allgem. H&tenkunde, p. 10. 



m 


METALLURGY 


Beichenstein), Hungaiy, Stym, England (Cornwall wd Devon)^ 
Sweden^ France (Fuy de Dome a^id Haute Loire), (Tanlsida, etc. It 
i» accompanied by silver, nickel, cobalt, tin, le^ and copper or^ a» 
well as by pyrites. 

Arsenide of iron 

occurs massive as lollingite and crystallised as Imeopyrite, Lollingite 
(Fe^As^ contains 66*8 per cent, arsenic, while leucopyrite (FeAs,) 
contains 72*84 per cent. These frequently contain small quantities 
of gold, as at Ribas in Spain, and at Reichenstein in Silesia. At the 
former place the leucopyrite, according to Qttttler, contains from 
14 to 16 dwt. of gold per ton. ' 

This mineral occurs less copiously than mkpickel, And is fikind 
at Silesia, Reichenstein, Bohemia, Styria, Schladming, Carinthia 
(Lolling, near Hlistenberg). It is usually found in association with 
the same ores as mispickel. 

The rare minerals — armxie hloQtii, araenitCy or arsenoUte, 
realgar^ As^S^, and a^pimenty As^Sg, are of no importance as sources 
of arsenic. 

Among the arsenical cobalt and nickel ores must be mentioned 
cohali glancSy tm^whUe cobalt or enwUiney skuttervditey white arsenical 
nickely red arsenical nickel. 

In addition to the above sources of arsenical ^products, ores of 
tin, silver, lead and copper, which contain mispickel or leucopyrite, 
produce considerable quantities as bye-products. 

THE METALLUKIHCAI. EXTRACTION OF ARSENIC AND ITS COMPOUNDS- 

In addition to metallic arsenic, which has comparatively small 
technical importance, arsenious oxide, sulpl^e of arsenic, and mix- 
tures of these are prepared in metallur||MM works. The quantity 
of these arsenic compounds used in the 4 ||Pb very considerable. 

Dry methods are used for the working of ores and metallurgical 
products, but wet methods have bten proposed for the recovery of 
arsenical compounds from residues from the manufacture of the 
aniline colours. The electrolytic method has been proposed for the 
extraction of arsenic from its sulphide, but so far has not bqfiilllt 
into piActice. m 

We have therefore to distinguish between : — 

I. The extraction of arsenical compounds from ores IPIHPVai- 
luigical products. 

II. Methods proposed for the tecoveiy of arsenical eompounda 
from coal-tar colour residues. 
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J. The ExTRAcmoN of Arsenical Gomfohnds from Ores and 
Metaixuboical Products 

Here we must further differentiate into > 

1. The extraction of arsenic. 

2. The extraction of acsenious acid. 

3. The preparation of vitreous realgar. 

4 The preparation of vitreous orpiment. 

1. The Extraction of Arsenic 
A. £xli'detion by the JDity Method 

Almost the only dry method of extracting arsenic is that of 
lieating mispickel or leucopyrite in the absence of air. Formerly 
another method was employed, vis., by the reduction of arsenious 
acid by means of carbon, !]|%is method is, however, now abandoned, 
because a very laige proportion of the arsenic prepared by it was 
obtained in the amorphous condition, 

When mispickel is distilled the arsenic is driven off and can be 
collected. The following equation shows theoretically the chemical 
change which takes place 

2(FeAa,FeS,)- A8^+4FeS ; 

but in actual working a very considerable quantity of the arsenic, 
amounting in some cases to a half, remains behind in the residue. 

Leucopyrite, when distilled, parts with a portion of its arsenic, 
and leaves behind a lower arsenide of iron as shown by this equa* 
tion ; — 

IdFeAs, » 7 AS|-h 4Fe4A8. 

In practice, however, the residue is richer in arsenic than it should be 
theoretically. 

To prevent waste of the arsenic in the residues from the above 
processes, they are roasted in a reverberatory furnace, and the 
arsenious oxide which is formed, is collected. 

As the arsenic is only wanted in the crystalline form, the 
sublimation must be conducted with the greatest care and the re« 
ceivers must be maintained at the correct temperature. 

The formation of more or less of the amorphous pulverulent 
arsenic cannot in any case be prevented j and it is used for the 
preparation of arsenical compounds 

The distillation is performed in pot fiimaces built of fireoclay. 
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TttbM or pots are arranged in two rows, one on each long side of 
a flreplaoe in a galley funiace. Where pots are used, several rowa 
can arranged one above the other. To the front of the pots, 
cylindrical receivers of fire-clay are attached. These are provided 
on their front side with doors of sheet iron, by opening which the 
progress of the sublimation can be observed towairis the end of the 
proceas. The joint between the sublimation vessel and the receiver 
must b(» properly luted, and the door on the receiver must be made 
tight with clay. In order to prevent loss by volatilisation during the 
working, the tubes themselves are glazed externally. They are 5 
to 7 inches in diameter and 2 feet 4 inches long. The charge in 
each tube is several pounds of mispickel. Sheet iron rolled into a 
spiral is placed in the mouth of each tube so that it projects 4 inchea 
into the receiver and 4 inches into the tube. This assists the formation 
ol ciystals of arsenic in 'the shape of glistening grey scales. 

After the tubes or jars are charged, the spiral of sheet iron is 
placed in position, and the fire started : the receivers are not put on 
until arsenic vapour begins to appear. The process is complete- 
when no more arsenic vapour is seen on opening the doors of the 
receiver. When mispickel is treated in the way described above, 
sulphide of arsenic is volatilised at the beginning of the process 
and collects in the receiver (Freiberg). The addition of potash or 
caustic lime prevents the sublimation of sulphide. The time required 
for the process varies, according to the amount of arsenic in the ore, 
from 8 to 12 hours, where charges of several pounds per tube ar& 
used. After the completion of the process the receivers are taken 
away, and the sublimation residues are removed. 

Crystalline arsenic collects on the iron spiral in the mouth of the- 
tube, while the larger portion of that which collects in the cooler part» 
of the receiver, is amorphous. The spirals are cautiously unrolled 
to remove the scales of arsenic which have been deposit^ These 
scales possess a particularly bright lustre, and are fit for sale without 
fiiither treatment; they lose their brilliancy after a veiy short 
time, in consequence of the formation of a thin film of arsenic 
suboxide, but, according to Boettger, this film can be easily removed 
by a boiling hot solution of potassium bichromate to which a little 
suphuric acid has been added. 

At Freiberg, ores containing/ 76 percent, of mispickel (i.e. 36 per 
cent, of arsenic) are worked in galley furnaces, in which there are 
26 tubes in two rows on each side, 6 in the upper, and 7 in the lower 
row. The charge of ore for the whole furnace is 7 cwt. and th& 

* Prettds, Zeit9chr., voL xviU.^ p. 189. 
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extraction requires 10 or 12 hours. The product is 16S lbs. of 
arsenic from the spiral of sheet iron, and 27 lbs. of suljdiide of 
arsenic out of the receivers. The residues, which are aiy^entiferotts, 
retain 3 per cent, of arsenic. They are added to a fiimaoe ohatge 
in smelting for silver-lead in order to extract their silver. The 
sulphide which collects in the receivers is used for the pceparation of 
vitreous realgar. 

At Reichenstein,^ m Silesia, arsenic is extracted from mispicieeU 
The furnace formerly used nontained 26 gla 2 sed tubes^ each 2 feet to 
2 feet 6 inches long and about 5 inches wide, and the charge was 
5 cwt. of mispickel in the form of sltmes. The product consisted 
of 90 per cent, of crystalline, and 10 per cent, of amorphous arsenic r 
tho residues which rained one-third of the arsenic originally preset 
in the ore, were worked up for the production of arsenious arid. 

At Ribas < in Spain, arsenic used formerly to be extracted. 
There* were 22 tubes per funiace, each 2 feet 4 inches long, and 
about 7 inches in diameter : 3 to 10 cwt. were charged at a time, 
and the process lasted 9 houie. In this time 200 pieces of peat and 
2*7 to 3*9 cubic yards of coal were consumed. The arsenic obtained 
was used in the manu&cturc of shot. 


B. The ElectrfhMttalhirgical Extraction of Arsmie 

Siemens and Halske ’ have proposed this method for the extraction 
of arsenic from those ores and intermediate products which contain 
the sulphide. By treatment of the ores with sulphides, hydro- 
sulphides or polysulphides of the alkali metals, the arsenic is brought 
into solution as a double salt, and the latter is subjected to electro- , 
lysis. Sodium hydro-sulphide gives a solution according to the 
equation *. — 

As^,+6NaHS:=:AssS3.3NasS-h3H^. 

Similar soluble salts are produced by the hydro-sulphides of 
potassium and ammonium. The arsenic is separated from these 
solutions in the manner described for antimony on page 470. The 
following equation shows the change which takes place when the 
arsenic is precipitated by the current 

As^jSNajS + 3H, » As* + 6NaHS, 

and similarly for the double salts formed with potassium and 

» Kerl, MHafhtrgtf, p. fl06. 

* Berg.* wed Hauen*Zeitung, 1868, p. 764. 

* OemiMi Pat6nt, No. 67,973, Jiino 29, 1892L 
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t88t>eetiv6ly. la the anode division of the bath alkaline 
^loride$ M decompose, the chlorine evolved being utilised in order 
to bring into solution as chlorides the metals contained in the ore 
residues, or, if there are none present, for the preparation of bleach- 
ing powder. There has been so &r no application of these methods, 
and the prospect of their introduction is very small, because the 
suitable ores of arsenic are leucopyrite and mispickel, from which 
arsenic cannot be directly extracted as sulphide. 

2 . THE MANUFACTURE OF ARSENIOUS OXIDE 

Arsenious oxide is produced by the roasting of special ores of 
arsenic or of those ores of gold, silver, nickel, cobalt, lead, copper 
and tin, which contain arsenic. 

The special ores of arsenic are mispickel, leucopyritQ and native 
arsenic; the others, particularly the ores of tin, copper and gold, 
usually contain large quantities of these arsenic compounds, especially 
mispickel 

By far the largest quantity of arsenious oxide produced at the 
])rosent time comes from Cornwall and Devon, where it is extracted 
from mispickel, cither pure, or mixed with ores of copper and tin. 
The following are the principal mines : — Botallack, Levant, East 
Pool, South Grofty, Tin-crofb, Wheal Agar, Callington United, Danes- 
combe and Drakewells in Cornwall, and Devon Great Consols and 
Oawton in Devonshire, 

The process adopted for the extraction of arsenious oxide is to 
drive off the arsenic in the ore as arsenious oxide by roasting, and 
to collect the latter in chambers and flues ; in most cases the flue 
dust contains impurities and needs to be purified by sublimation. 
Sublimed arsenious oxide is either crystalline, or in the form of 
white powder: the latter form, sometimes obtained by grinding 
the crystals, is most frequently met with in trade; some however 
is found in the form of lumps, the so-called arsenic glass, vUreous 
arsenic or white glass. It is prepared by subjecting the purified 
arsenious oxide to a further sublimation at a higher temperature. 

We must therefore distinguish between : — 

A. The extraction of crude arsenious oxide. 

B. The purification of crude arsenious oxide. 

C. The preparation of vitreous arsenic, 

A, The Manufacture of Crude Arsenious Oxide 

Arsenical pyrites, mispickel and native arsenic, either alone or 
mixed with other ores, are the special sources of arsenious oxide. 
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The changes which occur when these are rotated are the 
following : — 

LeucopyriU (FeAsg) At a dull red heat, arsenic irapour is given 
off, being followed by arseniouH oxide as the tempemtnre liees. The 
iron is nearly all converted into ferric oxide, but a small proportion 
is converted into ferric araeniate. 

JfiqricfceJ (FeSj+FeAsj). Below red heat it evolves arsenic sul- 
phide vapour. At higher temperatures it is converted into a mixture 
of ferric oxide, ferric sulphate and ferric arseniate, *httlphurous acid 
and arsenious oxide being at the same time Ubemted 

Native areenie is changed into arsonfous oxide. 

The operation of roasting takes plane either in muffle furnaces or 
in reverberatory furnaces. In the foemor the fuel consumption is 
higher, but on the other hand neither ore dust nor small particles 
of coal nor soot get mixed with the arsenious oxide. The latter 
would be a serious matter, as during the sublimation the arsenious 
oxide would be reduced by the carbonaceous matter to metallic 
arsenic. 

In reverberatory furnaces this difficulty is best avoided by the use 
of gas as fuel. 

The furnaces must be connected to condensing chambers and 
flues, suitably constructed for the recovery of the arsenious oxide. 
The flues or chambers are best built on a level for convenience of 
emptying. With muffle furnaces it is important to have sufficient 
cooling in the flues in order to maintain the draught and to prevent 
the formation of huge ciystals of arsenious oxide. The best material 
to use for the flues is sheet lead, over which water can be allowed 
to trickle in case of need. The so-called "poison-towers,"’ which 
were tower-shaped erections with flues, one above the other, have 
gone out of use on account of the excessive draught and the 
difficulty of cleaning them out. 

The construction of a muffle furnace such as was formerly in use 
at Beichenstein in Silesia is shown in Fig. 311, in which h is the muffle, 
of which the bed is llfeet 3 inches long and'7 feet 2 inches broad ; e is 
the flre-place : the fire gases travel through 5 channels I below the 
bed towards the cross flue e, and through them into the flues /, one 
on each side of the furnace and on to the forked chimney y. The 
arsenious oxide libeigted in the muffle passes along the flue d into a 
system of condensing flues not shown in the figure ; the air required 
to oxidise the charge enters at the opening %. The small ohimaey h 
serves to cany off the fumes which escape at the working door r. 
The residues in the muffle were drawn into the chamber t after the 

I I 


VOL. II. 



48ft 


J^BTALLtmOT 


remorol of the slide k, end a is a hole in the roof through which the 
ore is introduced on to the bed. 

At St. Andreasbeig in the Harz, cast-iron muffles, 7 feet 6 inches 
long, 1 foot 7 inches wide, and 1 foot 2 inches high, were formerly 
enjoyed. 

At Freibeig, reverberatory furnaces with a single bed and two 
working doors on each side are used ; they are heated by producer gas 
made from gas coke : the beds are 15 feet long and 10 feet 10 inches 
wide 

In Cornwall and Devonshire the arsenical ores are roasted in 
hand-worked long-bedded reverberatory furnaces, or in Bmnton’s 
rotary caldner, or Oxland’s rotating cylinder ftimace. 

The long-bedded reverberatory furnace has working doors on 



Fio SIl 

one only of the long sides, the other long side being also the long 
side of a contiguous furnace. These double furnaces measure over all 
24 feet long and 16 feet wide, and the diving wall is 1 foot 6 inches 
The meashrements of a single furnace are length 

20 feet, width 6 feet 3 inches, and the maximum height of the roof 
above the bed 1 foot 4 inches. The fire-place for each furnace is 4 feet 
long and 2 feet wide, and the top of the fire-bridge is 9 inches above 
the surfiMse of the bed. There are 6, or sometimes 6 working doors, 
and the ore is introduced through a hopper at the end forthest from 
the fire and spread towards the bridge. . «■ 

Brunton's calciner is arranged as ehoim in Figs. 312 and 813. 
a is the bed fixed to a vertical shaft, h is the fire-place, « is the 
hopper tiirough which the ore is introduced into the furnace. A 
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fixed take/, vhxsli stin tip the (»e as the bed e (evolves, eanses the 
ore to travel graduallj from the centre to the oitoumfineBoe where 
it escapes through the shoot g into one of the ohatnbers h, h,aocoidutg 
to the position of the valve «. The flue oonneoting the funiaoe 
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with the chimney v is not shown in the figure. The diameter of the 
bod is from 12 to 16 feet, and it makes from 5 to 10 revolutions 
per minute. 

The Oxland furnace is shown in Figs. 282 and 283 on page 389, 

1 1 2 
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The lehgth of the inclined cylinder is 23 to 30 feet, and it is lined 
with firebrick and provided with longitudinal ribs ; its diameter is 
about 5 feet The power required for one furnace is about 2 to 3 
horse power. This pattern of furnace requires less fuel and labour 
than the long-bedded furnace or Brunton's calciner, but the cost of 
repairs is greater and it is more difficult to maintain in it an even 
temperature^ and a regular draught. In consequence of the strong 
draught fine particles of ore arc drawn into the flues and deposited 
with the arsonious oxide. 

At Deloro, in Canada,^ mispickel which contained gold was 
formerly worked. The ore contained 42 per cent, of arsenic and 20 
per cent, of sulphur. The furnace used consisted of two cylinders 
of the Oxland type one above the other. Instead of the longi- 
tudinal rows of projecting ribs, there were 4 walls extending from the 
axi«? of the cylinder to the circumference, thus dividing it into four 
entirely separate portions. In the upper half of the furnace the ore 
remained in one of these four portions of the cylinder ; but in the 
lowiT half of the cylinder the division walls wore provided with slits 
so that the ore could fall fiom one of the four divisions into that 
next to it, thus coming into intimate contact with the air. The air 
i^as dmwn out by an exhauster placed near the chimney. 

Th(‘ length of the upper cylinder was 29 feet 6 inches and its 
diameter 5 feet 6 inches, and it was connected by a tube with the 
lower cylinder 59 feet long and 6 feet 6 inches diameter, and was 
worked by natural draught. It contained division walls, like the 
upper cylinder, extending from the lower end to a distance of 4 feet 
from the upper end, but for the remaining distance it was provided 
with ribs ; these, however, were not placed longitudinally but spirally. 
The greater portion of the arsenic was driven off in the upper 
cylinder. The arsenious oxide which was collected in the condensing 
chambers was re-sublimed in reverberatory furnaces. 

All the furnaces are connected with a set of flues or chambers 
in which the volatilised arsenious oxide is condensed as flue-dust. 
These are built of either masonry or sheet lead. It was proposed 
for pure ores to use chambers built of sheet iron suitably protected 
from rusting.^ 

Pure arsenious oxide in the form of a fine powder is said to be 
deposited in those chambers as the result of roasting pure ores. 

Fig. 314 shows the ground plan of a condensing flue for arsenious 
acid ; v is the furnace, h is the flue, zig-zag in plan, and ^opening 

1 Th€ Jiiineral 1803, p. 84 

> Ibid,, p. 86. 
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into the dust chamber «. The gases on leaving the chamber s, pass 
through a second chamber y into the chimney B. The greatest 
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portion of the arsenious acid is deposited at the bends of the flue. 
The flue walls near the furnace are built of masonry, but after a 
certain distance from the furnace sheet lead is the best materiaL 
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The construction of the tower^^kmdenser or " poison-tower/^ which 
was formerly used, is shown in Fig. 315. Chambers were built along- 
side each other in sets, one set above the other, and the stream of 
furnace gases, after passing through one set of chambers, went on 
to the set next above, till at the end it entered the chimney z placed 
on the top. 

This arrangement is not efficacious for cooling the gases, it is 
expensive in construction, and is difficult to clean. This latter 
objection is of importance on account of the poisonous nature of 
the arsenious oxide ; it is therefore no longer used. 

In Cornwall and Devonshire the arsenic is condensed in zig-zag 
flues built of masonry, and connected with the furnace by straight 
flues 100 to 200 feet in length. They are 5 feet to 5 feet 6 inches 
high, 3 feet to 3 feet 6 inches wide, and in one case more than 1,000 
feet long. Those gases which are not condensed pass, by a flue 200 
feet long, into a chimney 60 to 120 feet high. At Qawton, the total 
length of flue between the furnace and chimney is about an English 
mile. 

In working any description of furnace, it is important to observe 
that neither ore dust nor carbonaceous matters are allowed to get 
into the arsenious oxide ; the latter would, when the arsenious acid is 
sublimed, reduce some of it to metal. It is therefore necessary to 
shut off the condensing arrangement ftom the furnace when the 
latter is being charged or emptied, and also when the charge is being 
rabbled or stirred. At these times the furnace is temporarily put into 
communication with a secondary chimney. The temperature should 
be only high enough to volatilise the arsenic, and the charge should 
be cautiously rabbled from time to time. When the charge ceases to 
give out any flame, the roasting is complete, and the charge is removed 
by gradually withdrawing it at the bridge. The time required for a 
charge depends on the amount of arsenic, iron and sulphur contained 
in the ore. The arsenious oxide is removed periodically from the flues 
and chambers. 

In the muffle furnaces at Beichenstein in Silesia, which have 
been described above, 8 to 10 cwts. of arsenical pyrites, in the form 
of slimes, are roasted in a charge about 4 inches deep ; the time 
required is 12 hours, and the coal consumed is 7 per cent of the 
weight of the raw ore. The residue contains from 3 to 5 per cent, of 
arsenic, and is treated by Flattner’s chlorine process for the recovery 
of the gold which it contains. The white arsenic collected in the 
condensers is either sold as such, or converted into arsenic-glass. 

At St. Andreasbexg in the fiars, native arsenic containing 65 
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per cent, srseoio, 4'6 per cent, lead, add 0*5 per cent. ailTer, wm 
fiwmerly worked in the ca«t>iron muffles abeedy mentiooed. Uw 
charges of 4 to 6 cwts. required 22 hours and the ftid (besehimod) 
consumed was 22 cubie feet. The arsenic obtained was aJl odaverted 
into vitreous arsenic. The residue amounted to 00 to 52 per cent, 
uf the weight of the ore, and contained 1 to 2 per cent, of silver, and 
1 2 to 16 per cent, of arsenic ; it was treated to extract its silver. 

At Bibas in Spain ^ charges of 20 cwt used to be worked in 
muffle furnaces. They requi^ 24 hours and confeuMMi 4 cwts. of 
coal. In a reverberatory ftimace with gas feel 3 tons uf ore were 
roasted in 24 hours with 4 cwts. of coke. 

At Fn-ibeig ’arsenious oxide is produced from ores containing lead 
and comparatively little anenic (12 per cent, or less); dust containing 
arsenic from the flues of the othm* roaatiiig frumaces is also used. 
Gas-fired furnaces arc used aa previously described, and coke is used 
as feel, so as to get a flame fine fixxn soot. Each ftunace is con- 
nected with a flue 820 feet long, for eondensation. The charges vary 
according to the prcqiortion of arsenic present, from 12 to 22 cwts., 
and the roasting lasts 6 to 8 houra. The residues, containmg 1*5 
to 2 per cent, of lead, are used for the extraction of that metaL 
The arsenious oxide of a grey colour, deposited in the nearer portimis 
of the condensing flue, is porifled by re-sublimation; the other 
portions are either sold as white arsenic or converted into arsenic 
glass. 

In Cornwall and Devon 8 to 10 tons of ore are roasted in 24 
hours, the coal used being 3 cwts. per ton of roasted ore. The 
furnaces have been described on page 482. Six men are required 
for each double furnace, working S-hour shifts. 

In the Brunton calciner described on page 488, 4 to 5 tons of ore 
are roasted in 24 hours : the tables make 5 to 10 revolutions in the 
hour, and the coal used is 1^ to 2 cwts. per ton of raw ore; 2 men 
working 12 hours each are sufficient to work the fernaoe dnriqg 
24 hours. 

In the Oxland furnace described on page 389, 20 to 25 tons of ore 
are roasted in 24 hours : the oros contain 15 per cent, of arsenic and 
require 1 owt. of coal per ton of ore roasted : 8 men and 8 boys 
working 8 hours each are sufficient for the working of these furnaces 
per 24 hours, 

> Berg, tmd BSUeu. 1858, p. 787. 

' Br, Beiteehr., rd. xviiL, pi 188 . 
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B. The Bejining of the Crude AnermuB Oxide 

In most eases it is necessary to purify the arsenious acid from 
foreign matter by resublimation : none but the purest ores yield at 
once marketable white arsenic. The commoner impurities are : — 
grains of ore, volatile constituents of thp ores, flue dust and 
carbonaceous matter. Reverberatory furnaces with either gas or 
solid fuel are used, the former being preferable, as the arsenic 
produced in them is free from soot, ash-dust or cinders. Condensation 
chambers or flues are attached to the furnaces to collect the arsenious 
acid. 

At Freiberg, where comparatively impure flue-dust is worked, the 
gas-fired furnace previously described (page 482) is used for the pro- 
duction of white arsenic. Charges of 12 cwt. are heated for 8 hours 
and yield 85 per cent, of their arsenic ; the residues are worked up 
for lead : 10 to 12 cwts. of coke are used every 24 hours. 

In Cornwall and Devon, where the crude arsenic contains about 
70 per cent, of the oxide, furnaces similar to those used for roasting 
the ore, page 482, arc used. 

Each pair of furnaces, having one long side in common, form one 
double furnace, the length and breadth being each 16 feet : each 
furnace has 3 working doors in its long side and the greatest height 
of the roof over the bed is IJ feet. The fuel used consists of a 
mixture of coke and anthracite in equal quantities, and the gases and 
vapours leaving the furnace pass along a flue 100 feet long into a 
scries of 12 chambers arranged in a zig-zag manner, each chamber 
being 7 feet high, 14 feet long and 4 feet wide, the total length of 
passage being 167 feet. From the chambers the gases pass into the 
chimney. 

The foreign matter which accompanies the vapour is deposited in 
the flue leading to the chambers, whilst,' in the latter, the arsenic 
condenses in crystals ; these are ground in a mill like a flourmill and 
packed in wooden barrels. 

C. The Production of WhUe Arsenic Glass 

White arsenic glass or vitreous arsenic is prepared by collecting 
the vaporised arsenic at a temperature so high that the sublimate 
fuses together into a mass. 

There are two methods of procedure, Glasmachen and OroheTnachen. 
The former, OUmMLckm, is used when it is desired to change pure 
arsenious oxide into the vitreous form, the latter, Orobmachen, when 
it is desired to purify the arsenious oxide first. ■ 
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The plant is the same in both cases, and consists of cast-irii|| 
retoi*t8 heated by an open fire and attachedSto cylindrical receivereV 
wrought or cast iron. The retorts must be made of cast iron || 
free as possible from graphite ; otherwise the carbon will reduce thi 
arsenious oxide to suboxide of arsenic, and this will give the subli- 
mate a grey colour. 

The sublimed oxide collects on the walls of the receiver , at thop 
top of the receiver is a sheet-iron hood connected by a sheot-irou 
tube with a condensing chamber in which any uncondensed arseuious 
oxide collects. 

Figs. 316 and 817 show the arrangement of the plant 2i is 



the fireplace, 3 feet wide, in which is suspended the retort a, 2 feet 
5 inches deep, 2 feet in diameter and capable of holding a chaige of 
2^ cwt. of white arsenic. The wrought-iron receivers b,b, each m 
three sections, rest on the retorts, and are provided with handles. 
The joints are luted with a mixture of loam, hair and blood. At the 
upper end of the receiver is the leaden hood c, connected with the 
chamber / through the tube e. 

When the Or&muuhmpTooeah is employed to purify the arsenious 
oxide before its conversion into the vitreous form, it is necessary to 
regulate the temperature so that there shall be no sintering of the 
chaige in the retort ; otherwise the sintered oxide would not 
aiihlifwft over. When the correct temperature is employed the 
greater portion of the arsenic is obtained as a bulky, light sub- 
limate on the walls of the receiver. The portions which escape 
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|dp>ugh the receiver are condensed in the chamber beyond. The 
AcKsesB is known to be ended when an iron bar, inserted through an 
ftening in the hood, is no longer covered with a white deposit : the 
■pening is closed by a tight-fitting door. When this point is 
reached, the fire is allowed to die out, and the sublimate removed to 
be converted into vitreous arsenic by the OlamaeJun or “ running ” 
process. 

The residue in the retort is returned to the ore-roasting furnaces. 
If it is desired to produce an impure arsenic-glass direct from 
an impure arsenious oxide, the temperature must be raised so high 
that the sublimate in the receiver fuses together. The product 
obtained in this way is known as crude arsenic-glass. It is of a 
grey colour, on account of the impurities in the arsenious oxide 
having passed over with it, and requires a further sublimation if 
white vitreous arsenic is to be made from it. The grey colour may 
be produced either by metallic arsenic, or by fine ore dust in the 
arsenious oxide employed. 

For the Ohwnachen or preparation of pure vitreous arsenic, the 
same apparatus is employed. The fire is urged to such a degree 
that the walls of the receiver are hot enough to fuse the sublimed 
arsenious oxide to a glass. If the temperature should be allowed to 
get too high, the amount of sublimed arsenic which passes into the 
chambers beyond the receiver is excessive ; if it should not be high 
enough, the sublimate is powdery and loses its translucency. When 
the receiver is at the correct temperature, water hisses when 
sprinkled on the upper portion from a bunch of twigs, and instantly 
evaporates from the lower portion. The end of this process is tested 
in the way described above. The charges arc 2} to 3 cwt. each, and 
require 8 to 12 hours. At the end of the process the furnace is 
allowed to cool for 14 to 16 hours, and the vitreous arsenic is 
removed from the walls of the receivers, which it covers as a scale to 
a depth of from 1 to 2 inches. 

The product is the amorphous modification of arsenious acid, and 
when freshly prepared is transparent and glistening with a conchoidal 
fracture. After long exposure to the air it passes into the ciystalline 
form and resembles porcelain, with a waxy lustre. 

At St. Andreasberg in the Oberhartz,^ crude arsenious oxide was 
formerly worked in charges of 2} cwt. into a crude arsenic-glass, and 
the latter converted in charges of cwt. into pure vitreous arsenic. 
Each sublimation took 8 to 12 hours, and yielded 89 per oent. of 
vitreous arsenic and 7 per cent, of residue, of which 40 to 60 per 
^ KerU MtUUlhmtfiikuinde, p. 613. 
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cent, was arsenious oxide*^The 4 per cent of apparent loss was partly 
actual loss and partly due to the powdery arsenic formed. 

The consumption of wood fuel was 12 cubic feet per cwt. of 
glass produced. 

At Ribas, in Spain, of 4 cwt. of purified white ainemo 
were worked in 7 hours; the fud consumed was 160 lbs. wood and 
74 lbs. coal per charge, and the glass obtained was 96 per cent. 

At Freiberg the charges consist of to 3 cwti. eadfi. Tka fuel 
consumed is 2 to 3 cubic fiset lier charge, and the tihio 8 to 1 2 hours ; 
87‘5 per cent, of glass is obtained. The retorts used are about 28 
inches in diameter and about 19 inches deep. The receivers are in 
three sections of about 23 inches diameter and a total height of 
about 38 inches. The top of the ertver which closes the upper end 
of the receiver is 5^ inches in diameter, and is connected to a tube 
of the same diameter which leads into the condensing chamber. The 
life of a retort is about 150 charges. 

3. The Froductiok of Red Aiu^enic Glass or Realqah 

Realgar (also known as 7*uhf sulphur^ arsennibm^ TauachtUh, 
mndarnch, etc.) is a combination of arsenic and sulphur which 
approaches in composition to native realgar. In colour it varies 
from rose to hj'acinth red with an orange yellow streak. It is manu* 
factured by subliming a mixture of mispickel and iron pyrites, or 
one of mispickel and sulphur. Both methods yield the same pro* 
duct, the two constituents being expelled by the heat and combining 
in the state of vapour. 

If sulphur and arsenic be merely fused together, compounds are 
obtained which do not possess the desired colour ; neither does the 
fusion of arsenic trioxide with sulphur yield realgar of the desired 
quality. 

It is not essential, in order to obtain a good product, that the 
sulphur and arsenic should be employed in the correct molecular 
proportions. The best proportions for a product of any particular 
ahade are discovered by trial. 

The process consists of two distinct parts. The sublimation 
yields a product (rdkglas) of unreliable composition which is brought 
up to the desired sh^e by further fusion with sulphur or arsenia 
We shall therefore descril^ : — 

A. The production of rohglas, 

B. The conversion of rdtglas into realgar or the refining” 
of rohglas. 
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A. The Produdion of ^"Mohglas ** 

The sublimation is carried out in a retort furnace. Usually the 
mispickel is mixed with an equal weight of iron pyrites. At 
Freiberg a mixture of the desired composition results from the 
preliminaiy mechanical dressing of the ores, whilst at other places 
it has to be specially prepared.. 

The furnace used at Freiberg contains 12 retorts in 3 rows ; each 
retort is 4^ feet long, about 5 inches diameter, and 0'7 inch thick in 
the walls, and each is protected from contact with the flame by 
empty retorts placed under them. These latter are known as pro- 
tctteurs. Each furnace has two fireplaces. The charge is introduced 
at the rear of the retort, which is afterwards closed by a tile. The 
front end of the retort opens into a receiver fitted to it. This receiver 
is a sheet-iron box fitted with an opening for the escape of the 
steam liberated during the process; the progress of the operation 
can be watched through it. 

At Freiberg the charge of iron and arsenical pyrites contains 10 
to 15 per cent, of arsenic and 80 to 35 per cent, of sulphur, and a 
small quantity of silver, which is extracted from the residue after 
sublimation. A charge weighs about 60 lbs. and occupies only two- 
thirds of the retort. 

The retort, when charged, is heated to redness for from 8 to 1 2 
hours, after which the residue is drawn out. The residues still 
contain 0'5 per cent, of arsenic and 23 to 24 per cent, of sulphur, and 
are, after being roasted, added to a smelting charge for silver-lead. 
The receivers, which contain rohglaa in both the compact and 
pulverulent form, are emptied after each third charge. The massive 
rohglas is treated by the refining process, while the pulverulent pro- 
duct is added to a subsequent charge to be again sublimed. Each 
furnace treats from 12 to 14 cwts. of ore in 24 hours with a con- 
sumption of 8 to 10 cwts. of coal ; 6 furnaces are worked by each 
gang of 4 men working 8-hour shifts. 

At Reichenstein ^ it was formerly the custom to work charges of 
5 cwt. of arsenical pyrites and 87 lbs. of crude sulphur in glazed 
earthenware retorts, such as were used for the production of arsenic ; 
each charge was worked off in 6 to 7 hours, and the yield was 168 
lbs. of rohglas per charge. 

At Ribas ‘ equal parts of mispickel and iron pyrites used to be 
sublimed in clay retorts. Each charge was 8 cwts. and yielded 

^ FreseniuB, ZtUnehryi, 1S71, p. 308 
3 Btrg, ttiid 1858, p. 774. 
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1 J cwts. of rohglas, the need per ohiii;ge wa» 2 cwt. wood and 8 
cwt. coal, and the time required was 6 to 7 hours. 

B. Tfie “ Befining ” of “ Bohglas ** 

The first process is usually conducted so as to produce a rohfflaa 
which shall l>c relatively rich in arsenic and poor in sulphur; and 
therefore, to bring it to the right shade, sulphur, as a rule, has to 
be added in the second process. It rarely happens that the opposite 
course is resorted to. 

The refining is carried out in pans or pots of cast iron, provided 
with a discharge pipe at the bottom. The rchglM is tapidly fiised 
in these by quick firing, and then stirred. Impurities form a slag on 
the surface, ktiown n^finery slag, and these are skimmed off and 
the requisite quantity of sulphur or arsenic, as the case may be, is 
stirred in with an iron bar. 

As soon as the fused material i dm freely from the iron bar and 
shows on cooling the n»quisite colour apd compactness, the newly- 
formed blag is skimmed off and the refined realgar is run into conical, 
air-tight, covered moulds made of sheet iron. When cool, it is 
broken into jiieces and at once ground to fine powder. The slag is 
used for the production of white arsenic. 

At Freiberg, the pans used are 16} inches in diameter and 28 
inches deep, and the charge consists of 8 cwt. of rohglas and 40 to 
•60 lbs. of sulphur. Thi^ process occupies 1 to 2 hours, and the pro- 
duct contains 75 per cent, arsenic and 25 per cent, of sulphur. 
Ohihan mills are used for grinding. 

At Beichenstein,^ the charge used to be 4 cwt. of rohglas with 80 
per cent, of sulphur, which produced 479 lbs. of realgar. 

At Ribas, ^ charges of 4 cwt. rohglas were refined in iron pans 
in 2 hours each, by the addition of 45 to 56 lbs. of sulphur. 

4. Thb Production of Orpiment 

This pigment, also known as rauschgelh and auripigment (cor- 
rupted into orpiment)^ consists of arsenious oxide coloured yellow by 
arsenic sulphide. It is really not the same in composition as the 
mineral known by the same name (As^S^). 

It is manufiustured by subliming together arsenious oxide and 
sulphur, the proportion of the latter being determined by the shade 
required. The apparatus employed is that described above for the 

^ Fresenius, loc. rit. 


* Loe. cit. 
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production of vitreous arsenic, the temperature of working being 
high enough to keep the sublimed orpiment liquid till the apparatus 
cools. 

At Freiberg the process is as follows : — 1*5 to 9 lbs. of sulphur 
are placed in the bottom of the retort, and 280 lbs. of white arsenic 
are placed on top of it ; the mass is heated til) an iron wire plunged in 
the melt is no longer coated when drawn out. During the process 
a portion of the arsenious oxide is reduced to arsenic by part of the 
sulphur present, sulphur dioxide being liberated. The reduced 
arsenic and the rest of the sulphur combine to form sulphide of 
arsenic, which is always contaminated with small quantities of free 
sulphur. The lowest receiver contains adhering to the walls, a fused 
mass of orpiment, varying in colour from citron yellow to orange red ; 
the other receivers contain an irregular streaky product, which must 
be fused. A certain quantity of powdery product is also obtained 
which is added to subsequent charges for resublimation. 

The charge of the above composition will yield seven-eighths of 
its total weight of orpiment in the solid or pulverulent form. 

At Reichenstein, white arsenic with the addition of 5 per cent, of 
its weight of sulphur was formerly used for the preparation of urpi- 
ment. 

Buchner ^ gives the following proportions of sulphur in different 
varieties of orpiment ; — 


1. Very transpaivnt, streaky . . . , 

uorrespondinK to ^AsJSa 

. 2*5 

6*4 

2. Twice refined, deep colour . . . 

. 1-05 

2-68 

3. Moderately strongly coloured 

. 1-34 

3'43 


All these samples contained part of the sulphur uncombined, a 
small residue being left on treatment with ammonia. 

When sulphuric acid which contains arsenic is purified by treat- 
ment with sulphuretted hydrogen, a sulphide of arsenic is obtained 
which corresponds in composition to the mineral orpiment: this 
method however is not well suited for the production of the pig- 
ment. When this precipitate was washed and heated in an iron 
retort in an atmosphere of coal gas the sublimate was an unsightly, 
dark-coloured glass which contained organic matter. At Freib^ it 
is usual to work this product (from the purification of oil of vitriol 
by sulphuretted hydrogen) after drying it, by burning it in the kilns 
for the production of sulphur dioxide for sulphuric acid manu&cture^ 
the arsenic being obtained as arsenious acid. 

^ Berg, und HiMm*ZeUmg^ 1871, p. 245. 
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II. The Extraction of Arsenical Products from the Residues 
FROM THE Manufacture of Coal-Tar Colours. 

For this purpose a large number of methods have been proposed. 
The arsenic is principally in the form of arsenite or arsoniate of lime, 
and the products aimed at are usually the two free acids. Most of the 
proposals depend on reducing the arsenic coinp<mud to the metallic 
state at a red heat by organic matter and burning the metallic 
vapour in air to fonn arsenious acid. 

Winkler*8 Method } — The mother liquors from' tht magenta 
crystals are treated with soda in excess, in order to form arseniate 
soda. The liquid is then evaporated in pans till crystals appear on 
its surface, after which it is mixed in boxes with powdered lime- 
stone and coal dust, and well stirred to form a solid mass: for 
eveiy 100 lbs. of sodium arseniate in the liquid, SO lbs. of limestone 
and 25 lbs. of coal are added* In the next process the Umestont^ 
and coal together decompose the sodium aiseniate ; it is said that 
coal alone would not effect it The mixture is next heated in a 
mu£3e with a double bottom. On the upper bed the water is 
driven off, and the dry mixture, when put on the lower one and heated 
to a red heat, gives off arsenic vapour, while sodium carbonate and 
lime remain behind. The arsenic vapour passes into condensing 
chambers where, meeting a current of air, it bums to arsenious oxide 
and is deposited. The sodium carbonate is extracted from the 
residue by solution and used again for the preliminary saturation : 
the lime also can be used again. 

BaTido & Cb.'s, and Tawhourin & Lemairds Methods , — The aniline 
residues are washed, dried and heated to redness with coke, the 
reduced arsenic which is liberated in the state of vapour is burned, 
and the arsenious oxide collected in chambers. 

Bolley's Method , — The residues are heated with hydrochloric acid 
or with salt and sulphuric acid. Arsenious chloride is given off and 
collected in water, when the greater part of the arsenic is precipitated 
08 arsenious acid. 

Stopp's Method , — The residues are digested with hydrochloric 
acid in older to dissolve all the arsenic, the solution is then saturated 
with soda, and the arsenic is precipitated by adding lime. The pre- 
cipitate is treated with sulphuric and nitric acids which convert the 
lime into insoluble gypsum, while the arsenic os arsenic acid 
remains in solution. 

The author is not in a position to state how for any of these 
methods ore in actual practice. 

1 D€vl 9 ch€ IndudrU-SeUwig, 1876, p. 888, and Vtrh, d, Venins zur B^fitrdening 
des Oewtfid^,, 1876, part 8, p. 211. 
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Physical Propertibs 

Nickel posseasea an almost silvery white lustre with a steel- 
groy ting(‘, and groat brilliancy. 

The specific gravity of cast nickel is 8‘35 ; of rolled nickel between 
8-6 and 8‘J). 

With great hardness and capacity for taking polish it combines 
great malleability : it can be easily hammered, rolled, or drawn into 
wire. Shet‘ts 0*0008 inch thick and wire 0*0004 inch in diameter 
may bt* made from it. 

The tensile strength of nickel surjuisses that of iron. According 
to Deville, a wire made from nickel containing 0*3 per cent, silicon and 
^*1 i)er cent, copper bears a strain of 200 lbs., whereas a similar wire 
of iron breaks under 133 lbs. Kollmann examined a specimen of 
nickid from the manufactory of Fleitmann in Iserlohn, containing 
per cent, magnesium, and found that its absolute tensile strength and 
extensibility were equal to that of Bessemer steel of medium hard- 
ness. The breaking strain is 87,110 lbs. per square inch, with an 
elongation of 15 to 21 per cent., and the elastic limit is 65,170 lbs. 
per square inch. 

Nickel is attracted by a magnet, and then becomes magnetic 
itself: it loses this property at 360' C. 

Nickel can not only be welded to itself at a white heat, but it 
can also be welded to iron and certain alloys. Fleitmann is the 
inventor of the method of manu&cturing nickel-plated wares by an 
application of this property. He welds iron and steel to pure 
nickel or to a nickel-iron alloy, and also welds nickel to alloys of 
copper and nickel. The method adopted is either hammering or 
rolling. For such welding to be successful, the necessaiy condition 
is the complete exclusion of air from the surfaces to be welded, which 
Fleitmann attains by various methods. 

The coeflScient of expansion of nickel between 0® and 100® C. 
is 0*001 286 according to Fizeau ; its specific heat is 0*1108. 
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Nickel is difficultly fuaible. According to older experiments it 
melts at about 1600*" C. ; .the newer work of Schertel given it between 
1392° C. and 1420° C. According to Knut Styffe^ its melting 
point is about 1450° C. It is more readily fusible if 4 oontaius 
•carbon. 

Molten nickel has the property of absolving cavbdti monoxide 
and giving it out again on o^ing. The aUoys of nickel with copper 
also possess this property in a degree which increases directly pdtb 
the percentage of nickel, and the tempemture of/ the fused metal 
Further, if certain substances (carbon and various oxides) are present 
in molten nickel, carbon monoxide is generated by aition Irntweas 
them at certain temperatures. The oi^uded gas makes the nickel 
porous, and unsuitable for hammering and rolling. In order to oV 
tain nickel ftee from blowholes, it is necessary to observe special 
precautions, to be described in the proper place. 

Commercial nickel is exceedingly impure, being eanteminated by 
substances of which even traces affect its vsJuable properties. The 
most harmful impurities are arsenic, sulphur, oxide of nickel imd 
chlorine. 

0*1 per cent, of arsenic makes nickel brittle, and incapable of 
being rolled. 

0*1 per cent, of sulphur renders nickel unsuitable for rolling. It 
4 ippeaTS, from the results of experiments at the Bemdorf Nickel 
Works at Vienna, that the same proportion of sulphur in alloys like 
Cferman silver, is harmless. 

Iron in Qerman silver lessens its extensibility and destroys this 
property altogether when the proportion of iron in the nickel used 
amounts to 1 per cent 

Nickel alloys containing much iron are especially remarkable ftr 
tenacity and strength, as was discovered in 1890. Nickel has the 
power of increasing the strength and elastic limit of iron. These 
alloys are used for armour plates and artillery. The propoitioH of 
nickel in them is from 3 to 27 per oent The amount of carbon 
is about 0*06 per cent. ; the amount in the alloys used in making 
nickel steel 0*4 per cent. 

Copper gives to nickel a yellow or brownish^red hue, but exerts no 
injurious influence on its properties as long as its proportion is less 
than Ij^ times that of the nickel 

Cobalt increases the whiteness of nickel, and, up to a proportion 
of 6 per cent, has no influence on its tensile strength, A greater 
proportion is said to make the nickel brittle. 

1 Oeaetr. Z$U9chr. ISM, p. S40. 
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CMEboa is dissolved by molten nickel, end seems not to sifeet its 
go<^ qualities, as long as oxides are not pMent at tbe same time^ 
It makes nickel slightly more fusible, but also brittle under certain 
conditicms. According to Jungk^ the separation of carbon in the 
form of graphite from molten nickel takes place readily if the 
nickel contains a laige proportion of cobalt. Carbon may separ- 
ated fiom nickel by silicon in the same way as it is separated from> 
ircm. According to Card, commercial nickel may contain the greater 
part of its carbon in the separated form of graphitic scales. A sample 
of nickel produced by him, with 21 per cent, carbon (of which 2*0^ 
per cent, existed os graphite) proved to be strongly magnetic, soft^ 
and tolerably ductile. By passing marsh-gas over nickel he increased 
the proportion of carbon to 12 per cent., and this carbon seemed to 
be in chemical combination. Boussingault obtained, at a high 
temperature in a cementation furnace, a specimen of nickel, which 
held the same proportion of carbon as very hard steel, but all the 
essential properties of the original metal were retained. It therefore 
appears that nickel, unlike iron, is not hardened by the increase of its 
carbon. Nevertheless alloys of iron which are rich in nickel can be* 
made harder by increasing their proportion of carbon (nickel-steel). 
According to Fleitmann nickel absorbs cyanogen, which makes it 
short. 

According to Ledebur nickel absorbs its own monoxide, and this 
injures its tenacity and malleability, as cuprous oxide does that of 
copper. He also states that the percentage of oxygen (existing as 
monoxide) in brittle non-ductile cast nickel is 0*304 ; while in ductile* 
nickel it is 0*084, and in cast German silver 0*061. 

Ledebur also states that when nickel monoxide and carbon are 
both present in the metal, carbon monoxide is produced on fusion,, 
and renders the castings unsound. 

Nickel takes up silicon as iron does, when it is reduced from the 
oxide by carbon at a veiy high temperature in the presence of silica. 
Gard found in such nickel about 9*5 per cent, carbon, and 6*19 per 
cent, silicon. Nickel containing silicon has the physical properties of 
grey cast-iron. 

Phosphorus, in the proportion of less than 0*3 per cent., exerts no- 
mjurioub influence on the qualities of the metal. Above this pro- 
portion it makes it harder, and decreases its malleability. 

Chlorine may be present to the extent of 0*18 per cent, in nickel 
separated in the wet way, and makes the German silver, for which 
this metal is used, imfit*for rolling. 

1 Dingier f vol. 222, p. 94 ; voL 286, p. 480. 
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Chbmioal Pbop»|tibb 

Nickel is pyrophoric when redooed fron^ ito oxide hy li^fdltogeii 
at a comparatively low temperature. When {enqiared in ether waye 
it is unaltered in either dry or moist air at the ordiheiy tempemturo^ 
The quantity of carbon dioxide present exerts no iiduenca Heated 
in the air, it first assumes lainliM oolottts like steel does, and becomes 
covered, at a red heat, with a greenish grey deposit of niokel mon* 
oxide, which is changed by strong heating into dull*«green niokelo- 
nickelic oxide (hammer scale). In oxygen it bums as iron doea^ 
forming the monoxide. 

Nickel at a rcil heat decomposes steam very slowly^ as the metal 
becomes covered with olive-green 0tystab of the monoxide.^ 

It IB only very little aot^ on by hydroohlorio or sulphuric acids, 
in the cold. Dilute nitric acid and aqua regia dissolve it readily ; 
concentrated nitric acid makes it " passive like iron. This is sup** 
posed to be due to the formation of a coat of nickelo-niokelio oxide. 
Fused alkalis attack nickel but slightly; it is therefore used in 
laboratones for crucibles. 


Chemical Beaotions of Nickel Compounds which are 
OF Importance in its Metallurgy 

Oxides 

There are two oxides of nickel, and each forms a corresponding 
hydrate. 

NifikeUmB Oxide, NiO, 

or nickel monoxide, has a green colour. It is formed when nickel is 
heated in oxygen, in air, or in steam, as well as when niokel sulphide 
or arsenide is roasted ; also by heating nickelous hydrate or sulphate. 

At a strong red heat this oxide is reduced to metal by carbon or 
by carbon monoxide, the metal not melting. At the temperature of 
230^ C., the powdered oxide is reduced to metal by hydrogen ; and as 
before said, metal thus prepared is pyrophoric. In mixtures of 
nickelous and ferrous oxide, the niokel is first reduced by coal or 
carbon monoxide. 

With silica this oxide combines to form silicates. 

Whereas when cuprous oxide and copper sulphide are heated 
together in proper proportion, the whole of the metal is separated and 
sulphur dioxide evolv^, the heating of nickelous oxide with nickel 
sulphide produces no reaotioa 


K K 2 



MO 


METALLURGY 


If this oxide is heated with iron sulphide or arsenide, we get 
fenous oxide and nickel sulphide or arsenide. In presence of silica 
tihe iron oxide will form a silicate. 

Nickelous oxide and copper sulphide do not react. 

It dissolves in acids, forming nickelous salts. 

Nuiodoui HydraU, Ni(OH)|, 

is precipitated from solutions of nickel salts, by hydrates of the 
alkalis and alkaline earths. It is a bright green powder, converted 
by heating into the monoxide ; all the nickel salts are derived from 
the monoxide. 

Nickdio Oxide^ Nif03, 

or nickel sesquioxide, is^ black. It is obtained by gently heating 
nickelous carinate or nitrate, like the monoxide, it can be re- 
duced to metal; and again like it, it does not react with the 
sulphide. No salts corresponding to it are known. 

It dissolves in sulphuric and nitric acids, forming nickelous salts, 
and setting free oxygen; in hydrochloric acid it forms nickelous 
chloride and sets chlorine free; it also dissolves in ammonia with 
the sepaiaticn of nitrogen. 

The hydrait of this oxide is obtained by treating nickelous 
hydrate, suspended in water, with chlorine. 

Nickel Mokosulphide 

is found native as mUkrUe or nickd pyrites {hair-pyrites). It is 
obtained as a brittle bronze-yellow mass by heating nickel with 
sulphur; or as a powder, mixed with metallic nickel, by heating 
the sulphate strongly with coal, carbon monoxide or hydrogen. 

The hydrated sulphide can be obtained as a brownish-black pre- 
cipitate by the action of alkaline sulphides on nickel salts. This is 
difficultly soluble in dilute hydrochloric acid. Small quantities dis- 
solve in excess of the alkaline sulphide, imparting to it a brown 
colour. 

Nickel sulphide is decomposed by copper, with the separation of 
metallic nickel, according to the following equations : — 

NiSH-2Cu«^Ou3S+Ni 

2NiS+20u«Cu^+NiS+Ni. 

When the sulphide is roasted, part of the sulphur passes off as 
dioxide, and the nickel is oxidised. A portion of the sulphur dioxide 
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formed produces sulphuric, acid, and forms nickel sulphate. Strong 
heating changes this last into nickelous oxide and sulphur trioxide 
(or sulphur ^ou^e and oxygenX ^7 soiBeieatly Imtg ooittintted 
roasting at the proper temperature, niekeloua oxide atooe may he ob- 
tained ; otherwise there will be a mixture of the oxide, the sulphate 
and unaltered sulphide. 

If compounds, or mixtuim of nickel and iron suhthidM are 
carefully roiurted, a mixture or nidcel monoxide and fonio oxide it 
obtained. As sulphate of nudeel is a very stable compound, the Mast- 
ing can be so conducted, if a sidBeient quantity of sul^r te p w de n t» 
that the greater part of the nickel is obCaiued as sulphate, 'and 
the inm as ferric oxide. If dm roDstinf ii mtem^tad bemre idl the 
sulphur is removed, a mixture of cxideS, snlphatei and ealphidea of 
nickel and iron will remain. 

By roastii^ mthA sa4 iulphidee in the eame way, it is 

possible to get nickel UMVtox^ pod euprie oxide; w a mixture of 
oxides and sulphates as shove mentioned. Again, as niokel.snlidmte 
is stable at a higher temperature than copper sulphate is, it is 
possible, with a suflicient proportion of sul^ttr in the ore, to oon- 
duot the roasting so that nickel remains chiefly as sulphate, and the 
copper as oxide. 

If the three sulphides are used together, the same is true. 
Nickel may be obtained as sulphate, instead of as monoxide, while 
the other two metals iqtpear as feme and cupric oxides. 

If a mixture of the oxides and sulphides of iron and niokel is 
heated with coal and silioa, niokel sulphide and ferrous silioate are 
formed, if the proper proportion of sulphur is present ; but if there 
is more sulphur present than can' combine witit the niokel,a mixture 
of ferrous and nickel sulphides is produced : this is known as niokel 
matte. 

Similarly, if the mixture eontains oxides and sulphides of the 
three metals, iron, copper and niokel, and if the oorreot prcqsirtioti 
of sulphur be present, it is possible to regulate the fhsioa so thab 
sulphides of niokel and oopper,and ferrous riiisate shall be obtainsdi 
if, however, there is too moob sulphur present to ptoduoe that 
result, a nickel-copper matte ie produced, which 'will oontaili tho 
sulphidee of all three metals. 

If a stream of air under pressure is passed through molteri nickel 
matte containing silioa, the iron combines with the loMm, and sul- 
phur dioxide is liberat^, while the nickel sulphide is not afieote^. 

If a current of ajr be passed throqgh the remaining niokel 
sulphide, the niokel will be oxidised, and, in the pteeenoe of alica. 



METALLURGY 


will form a slag. Nickel, therefore, cannot be reduced from its sul- 
phide by the use of a blast, in the same way as copper is separated 
by ** Bemmerizing ” copper matte. 

The compound present in nickel-matte is alwa^ NiS. Nickelous 
sulphide Ni^ does not exist. If the sulphur in a sample of nickel- 
matte is not sufficient for the formation of monosulphide, the excess 
of nickel will be in ths metallic state. Molten nickel sulphide has 
the power of dissolving metallic nickel, which separates on cooling. 

There is no action between nickel sulphide and the oxides when 
heated together. So it is impossible to extract nickel by a process 
similar to that for copper. 

Further, the sulphide does not react with the oxides of iron 

According to Schweder^ the sulphide and cupric oxide react as 
shown by the following equations : — 

40uO+4NiS=20u^-KNiS-|-Ni)-|-2NiO+SO2. 

4CuO+2NiS=Cu^H-20u+2NiO+SO8. 

40u0+(2NiS+2Ni)=:Cu,S+2CuNi-h2Ni0+S02. 

Nickel sulphide at a red heat is slowly and incompletely oxidised 
by steam. 

Carbon and hydrogen decompose the heated sulphide very slowly, 
forming carbon bisulphide and sulphuretted hydrogen respectively. 
Carbon monoxide has no appreciable effect. 

When the sulphide is melted with an acid iron silicate, a very 
small quantity of nickel passes into the slag.^ 

If cobalt sulphide is present a considerably greater quantity 
thereof passes into the slag. 

If compounds or mixtures of iron, copper and nickel sulphides 
are melted with sodium sulphate and carbon, or with sodium sul- 
phide, the iron and copper sulphides make, with the sodium sulphide, 
a matte in which there is only a small proportion of nickel sulphide ; 
by frr the greater portion of this last passes into a nickel matte with 
only a small quantity of the other two suli^ides. The former matte 
is more easily ftasible, and less dense than the nickel matte, and col- 
lects above it, so that the two kinds can be easily separated. Repeat- 
ing the treatment in the same way on this nickel matte, iron and 
copper can be almost completely removed, and finally nickel sulphide 
obtained alone. 

If any mixture of the three sulphides is roasted with comzpon 

1 B€rg.undS. Ztg., 187S, p 877$ 1872, p. 17. 

• BadooMii, uliMi. du 1877, p. 887. Berg, ueid JET. Btg., 1878, pp. 185, 
S05, 888, 844— 860. 
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salt, the copper is oonYertpd into chloride, end the iron and qtiokel 
nre oxidised. This chloride can be xemcrYed firom the mixture of 
oxides by lixiviation, cupric ohloride by water, cuprous chloride by 
alkaline chlorides, or we^ hydrochloric acid. 

Nickel and AnsENip 

Nickel has a great affinity for arsenic, and combines with it in 
very different proportions. The compounds are known as tticADSl 
epeiss. 

If nickel arsenide is roasted, the arsenic forms arseidous oxidn, 
the nickel sesquioxide. Fart of the arsenious oxide escapes un* 
altered, part is ftirther oxidised to arsenic oxide and this 

combines with nickelous oxide to form an arseniate. Nickel 
arseniate is not decomposed when heated alone, so the result of the 
roasting is basic nickri ars^iateL‘ 

This arseniate is reduced by carbon to a nickel arsenide which 
contains less arsenic than the one originally roasted. Sudhi a re* 
duction takes place, to a certain extent, during the oxidising roast* 
ing, by mixing the charge with powdered coal or carbonaceous 
substances (sawdust or pine-needles^ By repeating the roasting a 
further proportion of arsenic is expelled, and by melting the product 
in a reducing flame a nickel arsenide containing less arsenic is again 
obtained. By a repetition of roasting and smelting under proper 
conditions it is possible to reduce the arsenic in nickel to a 
email proportion. The last portions may be removed by melting the 
compound with saltpetre and soda. The arsenic is thereby converted 
into sodium arseniate, which can be separated 6om the nickel 
monoxide by lixiviation. 

Nickel speiss frequently contains iron, cobalt and copper. When 
this is roasted, a mixture of oxides^ aiseniates and undecomposod 
iitsenidos of these metals is obtained. ' 

By stirring carbonaceous matter into the charge, iron arseniate is 
•chiefly converted into ferric oxide, while the arsenic oxide is converteji 
into arseniouB oxide and arsenic suboxide, with the formation of 
•carbon dioxide. 

If sulphides are mixed or combined with these arseniden, sol* 
phates are formed by roasting. 

In addition to sulphates so formed, the arsenides themselves may 
1)6 converted into sulphates by the vapours of sulphuric add formed 
in the roasting. , 

Of the three metals, nickel, cobalt and iron, nickel has the greatest 
Affinity for arsenic, then cobalt, lastly iron. 
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'' Xlf a mixttu^ of oxides, arsenidel and arseniates of iron and niekel,. 
Whidh contains sufficient arsenic to form Ni|A8 with the nickel pros- 
Slit, is heated with coal and silica, the whole of the nickel will be 
oonverted into arsenide, and the iron into ferrous Silicate. More than 
that proportion of arsenic will cause the formation of a nickel speisa 
containing iron arsenide. 

Sicularly if mixtures of oxides, arsenides and arseniates of nickel, 
cobalt and iron, which contain sufficient ars^ic to form N^As and 
Co|Ab, are heated with coal and silica, the nickel and cobalt will form 
arsenides and the iron will be slagged as ferrous silicate. If lesa 
than that amount of arsenic is present, some cobalt passes into the 
slag and carries with it a minute quantity of nickel, while more than 
that quantity of arsenic leads to the formation of cobalt-nickel speisa 
which contains iron arsenide. 

Copper, in presence of coal and silica, will, if sufficient arsenic be 
present, pass into the speiss more readily than iron ; if the arsenic is 
not sufficient for this, the copper is either separated in the metallic 
state or passes into the slag as cuprous silicate. 

If sulphur is present as well as copper in the mixture of oxides, 
arsenides and arseniates, the copper combines with the sulphur even 
when there is quite enough arsenic for its arsenide to be formed. If 
copper and sulphur are in greater proportions the sulphur compound 
forms a separate matte. 

If niokelous and cobaltous oxides and cupric oxide are fused with 
silica imd iron arsenide, containing sufficient arsenic, a nickel-cobalt- 
copper speiss is produced, while the iron forms a ferrous silicate. 

According to Badoureau,^ when nickelous and cobaltous oxides 
are fused with arsenic or arsenical pyrites, almost the whole of the 
nickel and only part of the cobalt pass into the speiss. 

If a nickel-iron speiss is fused, and air pass^ over it, the iron 
is oxidised first and converted into slag by the addition of silica. 
The nickel is oxidised only after the removal of the iron. The 
process can be so conducted that only the iron is removed, the nickel 
being left as aisenide. If cobalt is present in this speiss, it ia 
oxidfeed and passes into slag after iron, but before nickel. The 
appearance of cobalt in the slag is detected by its blue colour. There- 
fore if it is desired to keep the cobalt in the speiss, the process 
of oxidation must be stopped as soon as the blue colour appears in 
the slag. As a certain quantity of nickel goes with the cobalt, the 
blue coloration shows aim the presence of some nickel in the sfag. 

If heavy spar, instead of quarts, is added during this fusion, the 

* Lqe* eU, 
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iron may be oompletely aopamted, for' heavy qmr and inm araenide 
read;, forming iron arseniate and barium suljdiide, both of vrhidh are 
taken into the slag. Any copper jwesent ia oonverted into aolfliiide 
by the baiinm attlfdiide, and aapeoatea as a matte if in aoMidwable 
quantity. 

NiOKIX SvUPHATt 

NkAel sulphate (NiS044‘7H,0) ia aoluble in nntwr. At a high 
temperature it is decomposed into nidrd monofide and sulphur 
trioxide, or, rather, sulphur dioxide and oxygen. It is more stable 
when heated than the aulphates of inn and oqpiper. A mixture of all 
three sulphatea can be heated so that the iron and oo|q(nr oqmpoands- 
are brokmi up into the oxides, sulphur dioxide and orqrgen, , while 
nickel sulphate is almost all nndeeomposed, und oan be separated 
from the mixed oxides by IhqMation with water, or, if it is the 
basic sulphate, with dUnte aeid. 

If it is heated to redness with carbon, it is reduced to nickel 
sulphide, with the formation of carbon dioxide, but a porUon of the 
sulphate is always reduced to metallio nickel, with tiie formation 
of carbon dioxide and sulphur dioxide; this niokel is retained in 
the sulphide. 

Carbon monoxide and hydrogen also reduce the sulphi^ to 
sulphide at a red heat. 

From a solution of nickel sulphate, niokel is precipitated as 
sulphide by alkaline sulphides; as nickelous hydrate by potash, soda, 
milk of lime or ntilk of magneaia ; and by sodium carbonate as baaio 
carbonate. 

It may be electrolysed, nickel appearing at the eathode, the acid 
radicle at the anode. The double sulphate witir anlmoiiium, 
Ni(NH4)^S04)t, is used for depositing niokel by electrolysis. 

CHI;0BIDS or Nicxki. 

Nickelous chloride is soluble in water. Its reactions are similar 
to those of the sulphate. The solution, when electrolysed, gives 
nickel at the cathode, chlorine at the anode. 

SlucATKs or Nickel 

. Nickel silicates, when reduced by carbon, yield metallio ni<A:el, if 
suitable bases are present to form a slag with tiieailicio acid. Nickel, 
like iron, dtasidTes oarhim and aUiootLai^ therefoM, if a nickel silioate 
containing inm is smelted with coal and flaxes, we have, 1 ^ reduo- 
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tiim of some of the iron, an iron-niokel alloy containing both carbon 
an4 silicon. 

When the silicate is smelted with iron pyrites, with copper 
pyrites, or with sulphides of the alkalies and alkaline earths, nickel 
is reduced, and forms a matte or mixture of matte and metal. 

If it is smelted with arsenic or arsenical pyrites, it is very 
meomplatoly oaavwtiad iato ni ehe l s p e tss. 

The mineral gamierile, a nickel-magnesium silicate, is soluble in 
sulphuric and hydrochloric adds. 

Nickel Carbonyl, Ni(CO)4 

This compound is formed if carbon monoxide is passed over nickel 
at temperatures between 50° and 150° C. It is a liquid boiling at 
43° C., and solidifying at —25° C. At 200° C. it is decomposed into 
nickel and carbonic oxide. Its vapour is very poisonous. 

Alloys of Nickel 

Nickel alloys with many metals, and it is principally used in the 
form of alloys, especially those with copper and zinc, known by 
various trade names, such as german silver, argentan, white metal, 
•queen’s metal; and the iron-nickel alloys ferro-nickel and nickel- 
steel. Silvered aigentan is known as china-silver, packfong and 
•Christofle's metal. 

German silver usually contains 5 parts copper, 2 of nickel and 2 
of zina Nickel alloys are employed for the subsidiary coinages, 
known as billon, in several countries ; for instance, the coinages of 
•Germany, the United States (since 1866), Belgium (since 1860), 
Brazil (since 1872), Venezuela (1877), are all 75 per cent, copper, 
with 25 per cent, nickel. In ChiU the composition of the coins 
used since 1873 is 70 per cent. Cu, 20 per cent. Ni, 10 per cent. Zn. 

At the present time a large quantity of nickel is used in pro- 
ducing ** ferro-nickel,” of which armour-plates, guns and other 
weapons are manufactured. It was discovered recently at Greusot 
that from 3 to 27 per cent, of nickel added to iron materially 
increased its elasticity and tenacity. The ferro-nickel made at the 
Gockerill Works at Seraing (Belgium), and used for arms and artillery, 
contains 7*5 per cent, nickel and 006 per cent, carbon. The armour 
plates of the Bethlehem Iron Co. at Chicago contain 3*25 to 3*5 
per cent, nickel and 0*85 per cent, carbon. Those of the Wittkowitz 
Works in Mahrisch-Ostrau contain 8 per cent nickel and 0*2 per cent. 
<:arbon. 
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44*t Bethlehem they make also niokeUsteel contaiding 27*6 per 
cent, ni^hsi 

In making fetnHMIcel the niokel added to the charge of iron 
in the Martin process, and xtiay%e4i«e^ in the form of metallic nickel 
•or monoxide. When small quantities of IIm oxide are used it 
is reduced by the carbon in the iron, but if large quantities «ee 
used, coal must be added for redaction* 

It appears that the Carnegie Co. at Homestesd ^ have bought 
A patent of their engineer's, according to which nickel monoxide, 
vdtii more or less nxm, is made into bricks with coal, or organic 
agglomerants, and charged into a Martin furnace. ^ 

By Harvey’s method, used in the United States, plates of nickel- 
iron are converted by cementing into steel plates on one side only, 
After which they correspond hardness and temper to iron and 
steel compound plates* The pl^tai treated in this way resemble iron 
•on one side, and steel on the other, and for this reason prove to be 
valuable. 

At present nickel-steel is the best material for armour plates, 
turrets and shields. 

The present high price of nickel-iron alloys, and certain technical 
difficulties in their producticmi, prevent their extended use im con- 
struction. 

Nickel, when alloyed with metals more oxidisable than itself (e.y.( 
copper), can be separated by an oxidising fusion. 

Ores of Nickel 

Nickel occurs only in combination. In compounds it may be the 
chief element, or in small proportion to the other metals present. 

In the extraction of the metal, not only nickel ores proper are 
important, but also those minerals which contain nickel in small pro- 
portion as a secondary element, or contain it, combined with other 
elements, as an impurity. 

The greatest quantity of nickel is obtained at present from the 
silicate gtmUerite, or from magnetic pyrites containing nickel 

We may quote the following as true nickel ores : — 

Kupfemiokel or arsenical niokel, NiAs, containing 43*5 per cent. Ni. 
The nickel in this ore is often replaced fay cobalt and iron in small 
proportion ; the arsenic may be replaced by antimony up to 28 per 
cent., and in small proportioa by sulphur. It has been found, or is 

^ V. Ehrenwerth, Daa, Berg- und dtr WdtauBsUHung in 

Chicago, Vienna, 1805. 
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Bti}l got, in Qermany (Biechelsdoxf, Olpe, Sangerhausen, Eamadorf,. 
Schneeberg, Annaberg, Harzgcrode, Wittichen) ; in Austria (Schlad- 
inuig;LeogaDg, Dobschau): in France (Allemontin Dauphin^, Balen 
in BassOs-Pyrenees); in England (Pengelly, Fowey, St. Austell in 
Cornwall) ; and in Scotland (Bathgate). 

WhUt nidseUcre, or ehloanthite, NiAs 2 , is composed of 28*2 per cent, 
nickel and 71*8 per cent, arsenic. Frequently a small proportion of 
the nickel is replaced by cobalt and iron. This mineral is found in 
the some places as the other arsenide. 

BreithaupMe or nickel antimonide (XiSb), with 31*5 per cent. Ni, 
(St. Andreasbeig in the Harz) ; ullmannite or nickel anJtvnwny glance 
(NiSbj+NiAsj) with 26*1 per cent. Ni (at Siegen); geredorffite 
wickel glance, or nickel arsenic glance (NiAB 2 +NiS 2 ), with an average 
percentage of 35 Ni (Siegen, Schladming, Harzgerode, Helsingland) ; 
annahergUe, nickel cckre or nickel hlocm (Ni2As202+BH20) with 29*5 
per cent. Ni (occurring in the upper seams of nickel-ore deposits) ; 
morcsonUe or nickel i;i< 7 *to/(NiS 04 -f THjO) (occurring similarly). All 
these ores occur in such small quantities that they can never be 
singly worked for nickel. 

MUlerite, pr hair pyrites, nickel pyrites, NiS, with 64*5 per cent. Ni 
is occasionally found pure in large, independent masses, more often 
combined intimately with iron and copper p 3 rrites. (At Nanzenbach 
near Dillenburg, Gapmine in Pennsylvania, Sudbury in Canada, 
Arkansas.) This mixture of all three pyrites forms a valuable source 
of metallic nickel. 

Iron and nickel pyrites, or necopyrites (2FeS + NiS) with 18 to 
21 per cent. Ni, is found at Lillehammer in Southern Norway. 

OamierUe is a nickel magnesium silicate, containing water of 
crystallisation, discovered iii 1863 by Gamier in the island of New 
Caledonia. It fills up clefts and fissures in a serpentine, formed by 
the metamorphosis of enstatite, a magnesium silicate, and is accom- 
panied by. several such silicates, by ckrysoprase, magnetite, ohlromUe, 
afid other minerals. Its extensive occurrenee in this locality has 
caused it to become the chief source of metallic nickel, after the 
nickel-holding pyrites (magnetic and copper) of Sudbury in Ontario.. 
The usual composition of gamurite is — 


9 — 17 per cent. NiO. 

41—46 

„ Si02* 

5—14 

» Fe|0, 

1— 7 

A1,0,. 

6— 9 

.. iigo. 

8—16 

H,0. 
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Very occaaionally it contains as much as 40 per cent. NL Th0 average 
percentage of nickel in the ores of late years has been 7 to 8. 
The quantity of iron contained, which is only mechanically mingled, 
often exceed the nickel. The composition of gamierite varies 
according to the particular magnesium silicate which forms its 
hasia By the analyses of Gamier and Thiollier the composition 
(NiMg)SiO, + nHgO has been assigned to it 

A nickel-magnesium silicate similar to this, containing 8*08 per 
cent. Xi in the impure condition, was discovered by lieissomer in 
1876 in the province of )talaga in Spain. Its occurrence is alight. 
Very recently, also,n6ar Riddle Station in Oregon, a nickel-magnesium 
silicate has been found with an average of 5 per cent, of nickel. 

Amongst nickel compounds of similar composition we have also 
reiodanskiU at Rewdansk near Ekaterinenburg in Ural, genikUe, 
occurring in Texas and Pennsylvania, and pmeliie at Reichenstein 
in Sileaifiu These minerals are all found in such small quantities 
that they cannot form the foundation for a special extraction of 
nickel. 

Among ores in which nickel is not the chief element we note 
especially certain pyrites, the chief being magnetic and copper 
pyrites. Many varieties of arsenical pyrites also contain nickel. 

Iron and copper pyrites, as above, are found in the neighbourhoods 
of Nanzenbach (before mentioned), Gladenbach, and St. Blasien in 
the Black Forest. The Nanzenbach ore has an average of 5 per 
cent. Ni and 5 per cent. Gu ; St. Blasien ore 2 to 2*5 per cent. Ni 
and 0'75 per cent. Cu. Magnetic pyrites containing nickel is found 
in Sweden (Klefva and Smaland, Hudigswall, the neighbourhoods of 
•Gefle, of Fahlun, and of Sagmyma) ; in Norway (Langesund Fiord, 
Ringerick nickel-mine near Nakkerud, Kragercie, Moss, Snarum, 
Christiansand) ; in Piedmont (Varallo), Pennsylvania (Lancaster Gap 
Mine), Massachusetts (Dracut), Oregon, and largely developed in 
Sudbury (Canada). The proportion of nickel is, at Klefva 1*5 
per cent., at Sagmyma 0*5 to 0'8 per cent., Kragerbe 1*75 per cent, 
Varallo 1*20 to 1*44 per cent. Gap Mine in Pennsylvania 1*75 per 
oent (with 1 per cent. Cu and 0*1 per cent Co). The copper pyrites 
at the Ringerick Mine in Norway contain 33*24 per cent. Cu, 0*42 to 
1*75 pet cent Ni, and 0*01 per cent Co. The magnetic pyrites 
{pyrrho^iie) at Sudbury is found in large lenticular accretions in 
diorite dykes in the Laurentian and Huronian formationB; it con- 
tains 1*5 to 9 per cent Ni and is mixed with copper pyrites. The 
average amount of nickel is 3 per cent and something over 3 per 
cent is copper. As the depth of the vein increases the percentage 
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of nickel aeems to increase, that of copper to decrease. For 
example, in the upper levels of the Copper Cliff Mino the quantity 
of copper is 4 per cent., of nickel 4*5 per cent. ; while at the deepest* 
present level the quantity of copper has sunk to 0*5 per cent., and 
that of nickel has risen to 8 or 10 per cent. 

The Sudbuiy ore is at the present time the principal source of 
nickel. 

The arsenical pyrites containing nickel at Dobschau in Hungary 
contains from 0*^ to 17 per cent. Ni ; the same sort of ore at 
Schladming in Styria contains 11 per cent. Ni and 1 per cent. Cu. 

Metallurgical Products used as a Source of the Metal 

When ores of lead, copper, col^lt or silver are smelted, any nickel 
which they contain collects inj»|^spei^^^ Should the ore be free 
from arsenic, so that a speiss is^nAjapned, the nickel will be found 
in the various intermediate pioSpn — matte, blister-copper, tough 
pitch copper and lyes ; or in hnaF pv^ucts like slag or scars ; from 
all of these it can be extracted. 

The Extraction of Nickel 

This may be done : — 

I. By the dry method. 

II. By the wet method. 

III. Electro-metalluigically. 

The dry method should be used for ores and metallurgical products 
containing a laige or a medium quantity of nickel, if it is possible 
to get a pure metal (or oxide) out of such ores, without the help of 
a wet method. It is also satisfactory when the purity of the product 
is not essential. 

With poor ores the dry method can be used, if the nickel can* 
be concentrated without great cost in an intermediate product (a 
matte or speiss), and if from this latter nickel or nickel oxide can 
be got pure without recourse to a wet method, or, again, if a pure^ 
metal is not the object. 

Wet methods are used for ores which are poor in nickel, and 
for which concentration of the nickel in a matte or speiss would be* 
too expensive. 

Wet methods are also used for intermediate products, when it< 
is desired to produce from sources of nickel in which copper is an 
impurity, a nickel oxide or metallic nickel which shall be free fronr 



NICKEL 


kif 

copper; they are also employed when the desired products are more 
profitably obtained by these methods : such are the dltetal, alloys or 
salts. 

Electrolytic methods have not been applied to* ores* so nor' 
have they been much used for intermediate producft. tn view of 
the difficulty of obtaining compact nickel by means of an eledtric 
current, it is doubtful whether these method will ever be greatly 
usdd. 

Metallic nickel may contain hriany impurities, such as the oxide,, 
and mechanically enclo^ gases, which would restrict its application 
in the arts. In such cases a purification by some special refining 
process is necessary, and dxy methods are generally used for this 
purpose. Most nickel smelters are in the habit of producing only a 
speiss or matte, which is further treated for the extraction and 
purification of the nickel by the manu&cturers who keep their 
processes secret. 

Nickel monoxide has been manufactured in large quantities for 
tlie production of ferro-nickel : it is added, either alone or with a 
n^ducing agent, to charges of iron or steel. If it is used in small 
quantities with cast iron, there is usually sufficient carbon present in 
the latter to act as a reducing agent. Nickel oxide is also used in* 
the manufacture of pigments. 

I. Extraction op Nickel in the Dry Way 

A. EXTRACTION FROM ORES 

The most important ores at present are the sulphur compounds 
and the silicates, the arsenic compounds taking the second placer 
Apart from the Mond process, which consists of preparing nickel* 
carbonyl, and decomposing this into nickel and carbon monoxide, — a 
process which has not yet been successful on a large scale — the ores 
mentioned must be utilised in different ways. Therefore the ex- 
traction of the metal from each class of ore is best considered 
independently. 

1. EXTRACTION OF NICKEL FROM SULPHUR COMPOUNDS 

The compounds to be considered are magnetic and other pyrites 
containing nickel, frequently mixed with copper pyrites. They may 
be classified generally as compounds in which sulphur and iron are 
the chief elements, with,, in addition, a small proportion of nickel 
and copper. The proportion of nickel varies between 1 per centr- 
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and 6 per cent. Pure nickel sulphide, hair pyrites or millerite, does 
not occur in such quantities that it can be treated alone for nickel, 
but it occurs often in the above ores, and so finds its way into the 
smelting processes. 

In smelting these ores in the dry way, after getting rid of 
gangue, we are chiefly concerned with the separation of the nickel 
from sulphur and from ^n, and in most cases also from copper. If 
no copper is present, the process becomes so much the simpler. 

With ores free from copper the extraction depends principally 
on the fact that iron has a greater affinity for oxygen than either 
nickel or sulphur has. Thus it is possible to remove iron from these 
ores as oxide, and slag it, the nickel being separated chiefly as 
Milphide. Then at a higher temperature atmospheric oxygen will 
convert this sulphide into monoxide, which must be reduced by 
carbon. 

The formation of the sulphide is effected by roasting and 
smelting operations, the conversion to oxide by roasting, and reduction 
of the oxide by ignition with a reducing agent or smelting. 

Owing to the small proportion of nickel in most ores (1 to 5 
per cent.), it is not possible to obtain the sulphide from them by a 
single smelting and roasting. It is most usual to adopt a procedure 
similar to that employed for the separation of copper from sulphide 
ores containing iron, and thus to produce, by roasting and subsequent 
reduction, a nickel-iron matte. This matte, containing iron but 
with an increased proportion of nickel, is converted by fusion in an 
oxidising atmosphere into a matte free from iron. But if this first 
matte is still poor in nickel, further concentration by the same 
methods takes place before this final fusion. 

The matte obtained free bom iron is subjected to dead 
roasting, often in two operations, and becomes nickelous oxide, 
which, as already said, is r^uced to nickel by fusion with a reducing 
agent. 

The first operation to which the ores are subjected, the roasting, 
converts all the metallic sulphides into a mixture of oxides, sulphates 
and undecomposed sulphidea 

In the next process, the smelting of the roasted product in 
a shaft-frimace with coal and siliceous matter, nearly all the iron 
passes into the slag, while any small proportion of iron sulphide still 
remaining undecomposed by both processes, forms a matte containing 
all the nickel sulphide. 

It is necessary to retain considerably more sulphur 'than is 
required to combine with nickel in the roasted product, because 
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none of the small proportional amount of nickel present oaa be 
allowed to pass into the slag. Consequently the matte will contain 
a large quantity of iron sulphide. From this matte« known as raw 
nickel matte, the iron is separated, with the corresponding amount 
of sulphur, by an oxidising fusion in hearths, reverbemtory fumaoes 
or converters. If it is poor in nickel and rich in iron, it is better 
first to concentrate the nickel by another roasting ibllowed by a 
reduction with coal and silica as above, in a shaft^fumace, or in a 
reverberatory furnace without reducing agent. The chemical changes 
with nickel coarse matte are just the same as with the ore direct, 
except that there is no longer any gangue to form slag. 

When the roasted ore is smelted in a reverberatory furnace 
the ferric oxide present is reduced by the sulphur of the iron sulphide 
to ferrous oxide, in the presence of the silica, and sulphur dioxide 
passes off. The equation is as follows : — 

FeS + 8FejOg+«SiOj « TFeOajSiOg -I- SO*. 

Meanwhile the nickel monoxide present reacts with an equivalent 
quantity of ferrous sulphide to form nickel sulphide and ferrous 
oxide, which last forms slag. The result, then, of this smelting in a 
reverberatory furnace is nickel sulphide with a greater or less 
quantity of iron sulphide, according to the amount in the raw matte, 
and ferrous silicate. 

If the matte or the concentrated matte, in the unroasted condi- 
tion, is subjected to an oxidising fusion in a reverberatoiy furnace 
with silica, the iron will pass into the slag as ferrous oxide, while 
nickel sulphide is unchanged. Some nickel oxide reacts with ferrous 
sulphide, and, as before, the results are nickel sulphide with more or 
less iron sulphide, and ferrous silicate. 

In this process also an admixture of heavy spar and coal, or 
of Glauber salt and coal, works satis&ctorily, as the coal causes 
barium or sodium sulphide to be formed, and this converts oxidised 
nickel back to sulphide, and the baryta or soda formed makes a very 
fusible slag with silica. 

If the raw nickel matte or a concentrated matte is subjected to 
an oxidising fusion on a hearth under a stream of compressed air,, 
the iron is oxidised to ferrous oxide and forms a slag with the silica 
of the furnace lining, while nickel sulphide is unchanged. If the 
oxidation is carried on sufficiently long, there will be only traces of 
iron sulphide left behind. But a considerable loss of nickel w the 
slag occurs if the iron is completely separated. 

The separation of iron from nickel matte by means of the Bessemer 
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inverter is rapid and complete. Besides the iron any arsenic and 
antimony present in the matte are completely removed. The iron is 
converted into ferrous oxide by the stream of air blown into the 
molten matte, and forms a slag with the silica of the converter 
lining, or else with quartz added. Any nickel which may be oxidised 
reacts with whatever ferrous sulphide may be left, thus giving ferrous 
oxide which is slagged, and nickel sulphide. The process finally gives 
this sulphide and a ferrous silicate which will always contain a certain 
quantity of nickel. 

It is not possible te separate the nickel as metal in the converter 
by continuing the blast, as is done in separating copper fiom its 
sulphide in the copper-Bessemer process. In additibn to the fact 
that nickel oxide and sulphide will not react, it is not possible at the 
temperature required in the process to oxidise the sulphur without 
oxidising the nickel as well. Indeed with a certain proportion of 
nickel and sulphur in the matte, nickel is more easily oxidised than 
sulphur. Finally, the heat developed in the oxidation of nickel 
sulphide is not enough to fuse nickel. 

When the nickel ore contains copper, as is generally the case, 
the copper remains in the matte owing to its great affinity for 
sulphur, and thus the oxidation followed by reduction gives a matte 
containing sulphides of nickel, iron and copper. Iron can be separ- 
ated from this in exactly the same way as when copper is not present, 
and we obtain a matte consisting of nickel and copper sulphides. 
This is usually worked up into nickel-copper alloys. For this 
purpose the mixed metals are oxidised by roasting and the alloy 
obtained by smelting with coal. 

If the ore or matte has only a small proportion of capper, it can 
be treated exactly as if free from it ; and then there results a nickel 
containing copper, which is of special use in making alloys. But if 
nickel or the oxide quite free from copper is required, as, for instance, 
for ferro-nickel, the copper must be separated by some special process, 
either from the first matte after smelting the ore or from a concen- 
trated matte, or from the nickel-copper alloy. These special processes 
to separate copper may be wet or dry. 

The dry method has generally been to smelt the matte with 
Glauber salt and coal ; the copper then forms with the iron present a 
compound sulphide of sodium, copp^ and iron, and nickel sulphide 
remains behind. Or the copper is converted into chloride by 
chlorinating and lixiviating the matte. A wet way which has 
lately come into use is to dead roast the matte and dissolve all 
three oxides in acids. Then copper, iron and nibkel are separately 
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precipitated. It appears* that electrolysis has also beeii used, but 
details have not been published. 

According to the above explanation we must distinguish the fol- 
lowing processes in the working up of sulphuretted ores of nickel 
into crude metal or into copper-nickel alloys. 

a. Conversion of the ore into a coarse matte. 

h. Separation of iron from the latter, or refining.” 

c^. Working up of refined nickel-copper matte into copper-nickel 
alloys. 

Cj. Working up of the same nickel-copper matte into a matte free 
from copper. 

d. Working up of the products from 2 or 4 into nickel oxide or 
crude nickel. 

a. THE CONVEBSIOM OF THE ORB INTO COARSE MATTE 

This process consists in roasting, followed by the reduction of 
the roasted product in shaft furnaces. In exceptional cases, when 
the ore is mixed with large quantities of earthy gangue, the 
roasting is dispensed with, and the unroasted ore smelted to get rid 
of the gangue as slag. 

a. ROASTING THE ORE 

The ore to be roasted is magnetic pyrites and iron pyrites, 
mixed with copper pyrites, and often with arsenic and antimony 
compounds, and also with silicates, quartz and earthy matter. 

During roasting the aim is to get rid of sulphur until enough 
only remains to combine with nickel, copper and a portion of iron, 
during the smelting to follow. If cobalt is present it will be wholly 
combined with sulphur. Arsenic and antimony are removed as 
completely as possible. 

We have seen already that as the proportion of nickel in the 
ore is so slight (1 to 4 per cent., rarely above 5 per cent), it is 
impossible to decompose all the iron sulphide in roasting, for then 
in smelting, nickel would pass into the slag with the iron; and 
further, as it is impossible in these circumstances to avoid the 
formation of iron sows, the nickel will be reduced and pass into 
them. It must depend on the relative proportions of nickel, tiobalt, 
iron and sulphur in the ore, how much sulphur can be oxidised away. 
When possible, ores containing 4 to 5 per cent, nickel, or more, 
should be so worked that smelting gives a matte with 15 or 20 per 
cent, nickel without any serious loss of the metal. Poor ores with 
1 or 2 per cent., should give a matte with 6 to 10 per cent, ; for here 
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loss ot nickel in slag and sows lute a greater proportional effect than 
with richer ores. If there is any cobalt in the ore, the roasting must 
be stopped so much the sooner. When the cobalt is worth separat- 
ing there must be an excess of sulphur in the roasted product, for 
cobalt has less affinity for sulphur than nickel has, and so will pass 
into the slag before the latter does. 

In the roasting the sulphur partly escapes as dioxide, and is 
partly converted into trioxide by contact with red-hot masses of ore 
and red-hot furnace walla Iron, copper and nickel oxides combine 
with this trioxide to form the three sulphatea As the roasting proceeds 
and the temperature is raised, the sulphates are again decomposed 
into oxides and sulphur trioxide, or sulphur dioxide and oxygen. 
Iron sulphate is first decomposed, next the copper, lastly the nickel 
compound. 

If the roasting were kept up long enough at the proper tem- 
perature, the product would be a mixture of ferric oxide, nickelous 
oxide and cupric oxide. But if it is stopped after a certain quantity 
of sulphur in the ore has been got rid of, as is nearly always neces- 
sary, in order to produce the matte, the product will be a mixture 
of oxides, sulphates and undecomposed sulphides. Ferric oxide, ferric 
sulphide and basic ferric salts preponderate in quantity. If zinc 
blende was present in the ore, zinc sulphide and oxide and neutral 
and basic sulphate are found in the product. If arsenic and 
antimony were present, arseniates and antimoniates are found as 
well as undecomposed arsenides and antimonides. We should find 
lead sulphide, oxide and sulphate resulting from galena in the ore. 
Quartz, heavy spar and silicates remain unaltered. Calcium carbonate 
will become sulphate. 

Tlu Operation of Boasting , — ^This may be carried on in heaps, 
kilns, shaft-furnaces reverberatory furnaces, or muffles. The choice 
among these methods depends on the necessity for disposing of 
noxious gaseous products, on the possibility of using these products 
in the manu&cture of sulphuric acid, and on the cost of fuel and 
labour. 

The roasting of lump ore in heaps takes a long time, is imperfect 
in its results for many ores, and provides no way of disposing of or 
utilising the gases set free ; further, it causes loss of metal by the 
washing away of nickel and copper sulphates, unless it is carried on 
under cover; on the other hand, it moans only slight cost of plant, a 
small amount of labour, and a small consumption of fuel, especially, if 
the ore is rich in sulphur. 

The fine roasted ore smalls "), if it is not moulded into lumps. 
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«crve8 as coverings and bottoms for the heqps of lump ore. The 
moulding entails a good deal of labour, while roasting up to the 
required limit requires a definite proportion of fine among lump 

ore. Otherwise the roasting of fine ore in heaps has the same 
•disadvantages as roasting lump ore. 

This method is used when the utilisation of the gaseous products, 
for sulphuric acid or otherwise, is not feasible, on account thevo 
being no market for the product, or because the natjite of the ore is 
not suitable; and when, at the same time^ the situation and nejghbour* 
hood are of so little value that they are not seriously deteriorated 
by the noxious gases escaping; it may also be used Urhere fuel and 
labour are dear. These conditions ajre met with in the chief place 
for roasting sulphuretted nickel ores, the neighbourhood of Sudbury 
in Ontario, and also to some extent in Sweden and Norway. 

The Canadian ores are magnetic pyrites containing about 8 per 
cent, nickel and 3 to 4 per cent, copper. There is no sulphuric acid 
plant at Sudbury. The great compactness of the are and its small 
proportion of sulphur are against its being roasted profitably in 
shaft furnaces, kilns, pyrites bomers or Maletra funmces, such as 
are used in the sulphuric acid manubeture. To get gaseous producta 
suitable for such manufacture, these ores must be mixed with others, 
or roasted in muffles. Further, it is not worth while to export an 
ore so poor in nickel to a place where its sulphur could be utilised. 
The best economy at present is to convert the ore into a nickel 
matte on the spot without concern for either utilising or rendering 
harmless the gaseous products. So the roasting of the ore is earned 
out simply in heaps. We find similar conditions in Sweden at 
Klefva and Sagmyma, and in Norway at the Ringerick nickel 
factory, and at I^gerd, in which places the nickel works are 
mostly at piescnt out of work. The ore is poor, there is no market 
for sulphuric acid, and land is not dear. So here roasting in heaps 
is convenient. 

Boasting in stalls entails a great expenditure of time, like roast- 
ing in heaps; it means also a greater initial outlay and more 
labour, and it endangers the health of the labourer during the 
emptying of the stalls. It precludes the utilisation of the oxidised 
gases, but steps are taken to diminish the noxiousness, by leading 
them into high chimneys. By careful management of the diaught, 
the method will yield a more even roasting, and in a shorter time, 
than roasting in heaps. The quantity of fuel used is as low foi^ 
rich in sulphur as in heap-roasting ; finely divided ore CW onfy be 
jased as bottoms and coverings unless it is consolidated. 
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Stall roasting is therefore used where the sulphurous gases 'tsannot 
be utilised, but where their injurious effects are bound to be limited 
as &r as possible by leading them into high stacks. 

Formerly these stalls were used at Dillenbarg(the Isabella Works) 
and at the Sesia Works at Varallo, in Piedmont. 

Shaft furnaces are used for ores rich in sulphur, both lump and 
fine, if the gases are to be used for sulphuric acid. This use of the 
gases presupposes such a proportion of sulphur and composition of 
ore that the roasting temperature can be kept up by the heat 
evolved in the oxidation of the sulphur, and that the ore is thor- 
oughly burned through without leaving cores. The ore must not 
melt, nor even sinter, and the lumps of ore must not decrepitate at 
the temperature. 

Shaft furnaces may also be used without any concern for the 
utilisation or rendering harmless of the furnace gases, if fuel is dear 
and labour cheap, (the gases may be sent straight into the air or 
partly rendered less noxious by being led into high chimneys,) or 
may be used when the ore must be rapidly roasted. In such cases 
lump ore may be also roasted in kilns ; pulverulent ore in furnaces of 
the Qerstenhbfer or Maletra pattern. In kilns, ores poor in sulphur 
are arranged in layers alternately with fuel. 

Any instance of the use of shaft furnaces for the purpose of utilis- 
ing the gases from nickel ores in sulphuric acid manufacture is not 
known to the author. 

Shaft furnaces have been used at Dillenburg to roast ores of 
nickel. As the ore (pyrites containing nickel) was mixed with much 
gangue, the temperature had to be kept up by alternating with 
layers of fuel. 

Boasting in reverberatoiy furnaces will not allow of the utilisation 
of the gases ; it entails preliminaiy pulverisation of the ore, and a great 
consumption of fuel and labour, but it can be performed quickly and 
can be accurately adjusted to the right stage in getting rid of 
sulphur. Nevertheless, the costliness of this method has prevented 
its being used up till now for these sulphuretted ores containing so 
small a proportion of nickel. It becomes feasible with ores con^n- 
ing much nickel, and when a quick process is necessary, if utilisation 
of the gases is not desired, or is not suitable to the nature of the ore, 
in which cases as high a chimney as possible is used. 

The use of muffles entails a large expenditure on fuel and labour, 
but it allows of the using, or rendering harmless, of the gasdous pro- 
ducts, and is convenient for stopping the roasting at the proper stage. 
With the muffles, as with the reverberatoiy furnaces, the ore must 
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firfit be reduced to small size. Up till now they have not been used 
for these sulphuretted nickel ores, because of the expense of the 
roastinf(. They may come into use when it is desired' to utilise cer- 
tain ores in sulphuric a<nd inanu&cture, which oree are not suitable 
for roasting in shaft funwces, either because of their small proportion 
of sulphur, or because of their sinterii^, melting or deosepitating* 

Jtocuting in ffeaps 

This is earned on in the same way as the normal roasting of 
magnetic pyrites, or of pyrites containing copper^ 

At Sudbury, in Oannda, the oreSi magnetic pyrites with about 
3 per cent, nickel and rather over 8 per cent copper, ere broken and 
classified into the three sism, 4 inches, If inch, and { inch, and 
then piled on a bed of wood in heaps of 6 to 15 feet high, 82 
feet long, and about 89 feet broad* A heap contains from 600 
tons to 3,000 or more* In the middle there is a small chimney to 
create a draught and carry otf the combustion products. To every 
20 tons of ore a cord of wood (128 cubic feet) is allowed. The bed 
is laid upon a layer of fine ore 6 to 10 inches thick, which itself 
becomes roasted down to a certain depth, generally about half-way. 
On the bed the coarsest pieces are laid, then the medium-sized, and 
lastly, fine ore again. The whole heap is covered with a layer of fine 
ore 6 to 8 inches thick. The length of time for the roasting varies 
according to the size of the heaps from 6 to 20 weeks. A heap con- 
taining 1,000 tons takes 60 to 80 days. By one roasting the jmpor- 
tion of sulphur in the ore is reduced from 30 or 40 per cent, to 
between 4 and 7 per cent.’ 

At the works at Klefva in Smaland (Sweden), closed at present 
(1896), the nickeliferous magnetic pyrites was sulgected to a single 
roasting in heaps on a bed of wood, each heap containing 210 tons.’ 
This pyrites contains from 1*08 to 2*03 per cent, nickel, and from 
0*38 to 1*03 per cent, copper. At Sagmyma (also closed) the pyrites* 
containing 0*6 per cent, xuckel and 0*7 per cent, copper was roasted 
three times. Each heap held 300 or 400 tons of ore, and burned 
3 or 4 weeks. 

At the Bingerick works in Norway (also closed) magnetic 
pyrites with from 0*42 to 1*75 per cent, nickel was roasted with wood 
in heaps of about the same size as those at Sagmyma they burned 
for from 1 to 8 months. After roasting, the ore was sorted, and that 
which was imperfectly roasted put into another heap with fresh ore* 

^ VoL i. p. 28. * The Mineral Indwlrfft 1824, p. 452, 

’ 6,000 SwediHh oentnen, each 24} Ibi. 
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JRoasHng in Stalls 

This form of roasting used to be carried on at the Isabella Works 
at Dillenburg, and the Sesia Works at Varallo in Piedmont. At the 
former place stalls have been replaced by shsifb furnaces. 

At the Sesia Works, ^ the pyrites contained from 1*20 to 1*44 per 
cent, of nickel. It was roast^ in stalls about 13 feet long, 10 feet 
broad, and 10 feet high, with two fires. The charge in a stall was 
fiO to 80 tons. Two wood were required to roast it. 

in Shaft Fumaees 

At the Isabella closed for a long time, 

the pyrites (averaging 3Hr cent, of nickel, 5 per cent, of copper; was 
roasted in kilns about oM k 6 inches high, 4 feet 6 inches square in 
section at the upper eno^md 2 feet 3 inches square at the lower end. 
The pyrites is laid in layers alternately with lignite to fissist the 
combustion. The gaseous products were conducted into a chimney 
40 feet high, and from 2 to 3 tons of ore were roasted in 24 hours. 

At the Gap Mine in Pennsylvania (now worked out), the magnetic 
pyrites with 1*75 per cent. Ni, 0*1 per cent. Co, 1 per cent. Cu, was 
roasted in kilns.^ 

jS. SMELTING OF THE ROASTED ORE TO PRODUCE COARSE NICKEL 

MATTE 

' Matte can be produced directly without roasting when ores poor 
in sulphur are us^. This was formerly done at KmgerO in Norway, 
where the pyrites containing 1*25 per cent, of nickel was disseminated 
in a finely-divided state in the rock. Generally, the ores must first be 
roasted. They then contain a mixture of oxides, sulphates and unde- 
<^omposed sulphides of nickel, copper and iron, and the greater part 
of the nickel and of the copper is combined with sulphur. As a rule, 
metallic arsenides and antimonides, arseniates and antimoniates, 
quartz, silicates and gypsum are found here. Frequently there are 
.small quantities of cobalt as sulphide, oxide and sulphate. 

In the smelting of this ore with coal and fluxes, iron should be 
slagged as fiur as possible, and nickel, cobalt and copper collected 
into a matte. The iron passes into the slag through the reduction 
of feme oxide to ferrous, and the combination of this with silica ; 
and also by the decomposition of iron sulphide by nickel oiide, in 

’ Btrg.-und HfUftn, ZtMig, 187S, p. 185. 

’ Btrg.-und HSJtttn. ZsUung^ 1874, p. 142; 1875, p. 58. 
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the presence of silica and.coal. This is also brouglft ahool* by copper 
-oxide when present. Thus the nickel and copper oxides be^me 
eulphides, a corresponding amount of iron becomes silicate. Also 
nickel silicate, generally formed to a certain extent, umdeigi^es a 
double decomposition with iron sulphide. Copper silicate will be- 
have in the same way. Cobalt silicate is not decomposed by iron 
sulphide to form cobalt sulphide. Part of the oxides of Sdekel and 
copper becomes reduced to metal by carbCn monoxide and carbon. 
Metallic nickel dissolves in the sulphide of nickel present; oo^r 
combines with sulphur taken from iron sulphide. Isdn will then 
be separated as metal, unless the iron sulphide is reduced to the 
combination Fe^, a compound not yet isolated. Until the existence 
of this compound is proved it is better to assume that iron is reduced 
to metal. This will dissolve in the dMinary monosulphide as nickel 
does in its sulphide. Further, any f^wic oxide present may be reduced 
by the metal to ferrous oxhl^u^nd so pass into slag. Another 
portion of copper oxide reacts with sulphide, as in the English copper 
smelting process. The^pper thus set free will take sulphur fi^m 
iron sulphide, just as above. Nickel sulphate will be x^uced to 
sulphide, unless the heat decomposes it into nickel memoxide, sulphur 
dioxide and oxygen. The same applies to copper sulphate. Part 
of the iron sulphate is decomposed into ferric oxide, sulphur dioxide 
and oxygen ; carbon monoxide converts the rest of it into ferrous 
oxide and sulphur dioxide, carbon dioxide being meanwhile formed. 

All these sulphides of nickel, copper, iron, and occasionally 
cobalt, whether newly-formed by the decomposition of sulphates, or 
originally present in the roast^ ore, unite to form a matte. So 
long as a considerable amount of iron sulphide is present, there can 
be but a small quantity of nickel as silicate in the slag, for the 
double decomposition mentioned above takes place almost com- 
pletely. The same will apply to copper, but cobalt silicate will 
remain in the slag. 

Antimoniates and arseniates are reduced to metal, and partly 
volatilise as such. In the presence of Undecomposed pyrites part 
of the arsenic is volatilised as sulphide. The remaining arsenic 
and antimony, if they are only in small quantities, pass into the matte ; 
otherwise they form a speiss, combined chiefly with nickel and 
cobalt. Any gypsum will be reduced to sulphide of calcium, which 
acts with nickel and copper oxides like iron sulphide does. 

The quartz and silicates pass into slag. In case the oxide of iron 
in the chaige is not enough to slag it completely, basic slags from a 
subsequent process or basic ores are added, while if the base prepon- 
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■ If the ores have been roast^ too strongly, so that it is to be 
B there will be nickel in the slag, they are mixed with unroasted 
Piftnd ores which have been insufficiently roasted, and which 
Id in consequence yield a large quantity of matte poor in nicked 
diixed with slags which contain nickel. 

Whenever possible the mixing is arranj^ed ao as to give a matte 
|dth 15 to 25 per cent, nickel. But with the usual ores, poor in 
Hdnd, a matte with a lower percentage must be aimed at. 
l|}ie slag may contain neither too much nor too little silica. 

Excess makes the ^g less fusible, and in its pasty condition 
small portions of mam are mechanically enclosed in it; also it 
requires a great expenditure of fuel, and the raised temperature 
causes the reduction of iron in the charge. In the same way as iron 
is reduced in the blast furnace from oxides and even from silicates,. 
BO in this charge, which is di&||dtly fusible owing to its great 
proportion of silica, iron will be Berated as metal, and with it a 
portion of nickel This metal sticte fast ^ the walls of the shaft 
furnace as the so-called **sows,’* and the accumulation of these 
constricts the furnace. In practice the slag is never allowed to 
contain above 42 per cent, of silica. 

Too little silica, which is the same as too much iron, in the 
slag, makes its density greater, so that it is difficult to separate it 
from the matte, portions of which are mechanically enclosed. If 
the furnace is of masonry the brickwork is acted upon, and the slag, 
from its basic nature, is able to take up the silica and acid 
silicates. But further, iron is readily reduced from this slag so rich 
in iron, and again sows are formed in the furnace, and shorten 
the duration of a campaign. Although too small a proportion of 
silica is not so injurious as too much, in practice it is advisable not 
to let it sink below 24 per cent., the lowest limit being 18 per cent. 

As determined by practice, the most judicious percentage of silica 
is between 24 and 36 per cent. 

As to the kind of silicates present in the slag, they are between 
mono- and bi-silicates, the chief base being ferrous oxide. In some 
cases there may be only mono-siUcate, or a mixture of sub- and mono* 
silicatea lime, magnesia and alumina may be present as bases to a 
certain extent, besides ferrous oxide. A relatively small quantity 
of magnesia and alumina will make the slag refractory, while lime 
may be present in larger quantity. 

The smelting of the ore takes place in shaft furnaces* Very 
recently these have been construct^ like the new shaft furnaces 
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for smelting roasted copper ores oontaiiiing iron^^ iritb dfcakurp 
elliptical or rectangular horisontal section. By their tise the same 
advantages are obtained as when they are ttied for copper ores* namely 
greater output and a greater economy of fuel. Fumeies of this 
iMt ar^ therefore used largely for mnelting roasted nickel ores tson- 
taining stdphnr. At the Canadian Copper Co-'s worbr in Sudbury 
a Herreshof fiirnade'^-maed with a water jacket, 8 feet 3 j 0 Inches 
high, 6 feet 3 inches in the longei^1»le,<4«Hl 8 fee^ 8 iftches in tiie 
shorter side of a section of the furnace'at the level oTI hy 't njf t iwa 
In this furnace 126 tons of ore are smelted in 24 bonrs. 

The height of the furnace depends on tht amount of ircfi^ in tVe 
charge, and the kind of fuel. The higher it is the easier wi^l 
reduction of iron take place. The grea^ the amount of iron 
therefore the lower the fiirnaoe. When ^wood charcoal is utfed the 
furnaces are built higher than with coke ahder similar circumsiances 
for the combustion of wood charcoal draws quickly upward, and 
thus with a low furnace part would be burned u«>ele49ly at the top. 

Usually the height varies from 6^ to 20 feet. With ^eoke it 
seldom goes beyond 14^ feet, from bottom to throat; with wood 
charcoal it may be 20 feet. The height from tho tuyeres up to the 
throat is from 6^ to 10 feet with coke, from 18 to 16^ feet with wood 
charcoal. In the Herreshof furnace at Sudbury, with water jacket 
and elliptical cross section, and burning coke, the heighi from the 
tuyere level to the throat is 6^ to 10 feet. 

The cross section should be circular, rectangular, or oval. The 
pressure of the 'draught varies between ^ inch and 2 inches of 
mercuiy, except in extraordinary caSea The diameter of the 
furnace, or the shorter side of the reotanglo, at the level of the 
tuyeres, is firom 2 feet 6 inches to 4 feet 4 inches, and a little greater 
at the throat. It varies according as the ore is more or less fusibler 
and as the pressure must be low or high. (For the structure and 
dimensions of the furnace see under copper smelting.*) 

The tuyeres are distributed as symmetrically as possible round 
the circumference of the tuyere level. In old furnaces the tuyerea 
were in the back wall of the furnace. The blast is supplied ussially 
by a Boot’s blower, and is not heated for tear of promoting reduction 
of the iron. 

The arrangement of the furnace, when there is much iron present,, 
is best as spwrofm^ for if the molten mass remains too long in the 
furnace, there will be a separation of iron, and sows may form on 
the furnace walls. The receivers {spurtUgetj to collect the matte 
1 Vol. i. p. 90. * ^ 
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Are lined with brick, or brasque of clay and coal-dust. Iron cannot 
be used, as it is readily acted on by the matte. 

In Sweden (Klefva, Sagmyma) furnaces have also been used 
built on the aumpfnofen pattern. 

The construction of the water-jacket furnace used at Sudbuiy is 
shown in Figs. 818, 819.^ 

JT is the water jacket made of steel plate. The water space, w, 
within it is about 2 inches wide. Uia the blast-pipe. The furnace is 


1 



built with an independent 
forehearth (i^rofen). The 
molten mass flows out of it 
through the water-jacketted 
pipe t, made of bronze, into 
the collecting cistern T carried 
on wheela The collecting 
cistern is surrounded by a 
water-jacket at the sides, has 
a movable lid, and a fire-clay 
bottom. The slag runs out at 



the upper exit S (slag-notch), while the matte is tapped through thi* 
tap-hole t, provided also with a double-walled, cooled, bronze pipe. 
The bottom of the furnace is formed of a circular plate, on top of 
which is a thin layer of sand, and then a course of fire-brick. 
Above this a portion of the fused charge, reaching to the lower 
level of the tap-hole, is allowed to solidify, and over this latter 
the fused mass flows through the tap-hole into the receiver. During 
the working the molten mass is continuously above the tap-hole, 
so that the blast cannot blow out there. During the tapping the 
slag hole is stopped by clay, so here also the blast cannot escape. 
In other furnaces of this kind the horizontal section has the shape 
of a rectangle with rounded comers. At the tuyere level the long 
^ See also toI. i Figs. 90 ayid 91. 
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side is 6 feet, the Bh(»1/ side 3 feet The tuyeres Are twelve alto<» 
gether, five in each long side, one in each short side. The hdght of 
this furnace fiN)m tuyeres to mouth is about 6} feet 

The working is carried on just the same as in the smelting of 
roasted copper ores. The pr^uota are matte and s|ag« If the 
chaigo contains much iron, iron sows will form oontaini^ a oon- 
siderable quantity of nickel. The matte contains feom 8*5 to 25 per 
cent, of nickel, according to the nature of the original ore, and the 
sort of roasting it had ; the smallest proportion, 8*26 per oent, being 
found in the matte fonnexfy produced at Sxagere, in Norway,^ 
where the ores were smelted without roasting. 

At Klefva in Sweden,^ the ores had the following composition : — 



nrttQUiUtjr. 

Bsdond^aiUty. 


Ptiemse. 

FsiesntiM. 

Ni .... 

.... 8-W 

1-08 

Go .... 

.... 010 

0*07 

Fe .... 

.... 57*88 

43-24 

Mn . . . . 

.... 0-12 

0-20 

Cu . . . 

. . . . 0 -88 

1-08 

8 

.... * 88-52 

24-45 

SlOa .... 

; 

.... 0-40 

14-75 

.... 0*20 

.... 0-12 

4t82 

2-78 

MgO . . 

.... 0-09 

2-04 


The matte produced contained : — 

Ni . . . . 

Cu 

S 

Fe 


reroenUga. 
4-70 
2-90 
9105 
SI -95 


The matte obtained at tiagmyma from similar ores contains 5 per 
cent, nickel. 

The magnetic pyrites used at the Ringeiick Works,* Norway, 
contains from 0*42 to 1*75 per cent, nickel, and the matte formed from 
it from 5 to 6 per cent, nickel, and from 3*6 to 3*8 per cent, copper. 
According to Schweder^ the composition of the matte is:— 


I. II. 

6 26-5 . . 28-90 

Fe 59-02 . . 55-90 

Ni 5-7 . . 6-01 

Cu 9-05 . . .9-80 

Residue 3-88 . . 0-92 


At the Sesia Works the pyrites contained 2*2 per cent, nickel, the 
matte 7 per cent. 

At the Isabella Works at Dillenburg the ore formerly used, which 

1 Balling, MekUlkmeiAimde, p. 570, and above, p. 520. * ML p 561 

‘ Schweder, B. und JST. Zeitung, 1879, pp» IS, 79, 106, 122. 

* Sohweder, B. vnd H, ZtUwngt 1878, p. .428. 
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•coiuiBted of iron pyrites oontaining nickel, copper pyrites and 
serpentine, contained 3 per cent, nickel and 6 per cent, copper ; the 
matte had the following composition : — ^ 


Kl. On. Ve. 8. 

1 19*44 . . 22*30 . . 36*20 . . 22*00 

IL 14*30 . . 14*92 . . 44*90 . . 26*04 

m. 18*11 . • 13*39 . . 42*46 . . 26*04 

IV 13*03 . . 16*65 . . 42*80 . . 27*82 


At Sudbury, at the present time, the matte contains 15 to 25 
per cent nickel. 

The specimens of this matte sent to the Chicago Exhibition con- 
tained — ^ 

Ni 18—25 per cent. 

Oil 20-25 „ 

Fe 26-36 ,. 

8 . . . 20-30 „ 


Ahn * gives the composition of a Sudbury matte as 


Ni 



Go, Ft, Ag, Au 


15*6 per oent. 
27 
30 
26 

1*6 „ 


Sulphur in nickel matte forms protosulphides with copper 
and silver (Cu^S, Ag^S), and monosulphides with nickel and iron 
(NiS, FeS). as is often the case, there is not enough sulphur to 
form these two latter sulphides, the excess of the metals is dissolved 
in their monosulphides when in the molten condition; this is 
according to Schweder’s researches.* On cooling they separate 
4)ut. According to Schweder the exiBtenceA>f any sub-sulphides of 
nickel and iron is improbable. 

The composition of the slags lies between mono- and bi-silicates, 
as already mentioned ; and it may even decrease in proportion of 
silica to a mixture of sub- and mono-silicate. With good manage- 
ment slags contain so little nickel that they can be thrown away. 
The author can offer only a very few complete analyses of slag. 

A slag formerly produced at the Isabella Works hod the following 
•composition : — ® 


8iO. 

CeO 

88*66 per cent. 

7.61 „ 

86*64 

.... 18*65 „ 

MgO 

4*79 „ 


^ Bohnabei, Prei»a. 2S€U&:hr, 1806 , p. 108 . i 

* V. Ehrenwerth, Da$ Berg, tmd HiHUtnweeen aef der WdUiuuUBmg in Ohieago. 

Wien, 1896. * V. Ehrenwerth, he. eit, 

* Bbhweder, Berg* und HHUhn. Zm/hmg^ 1878, p. 409. 

* Kerl, MehllhmtnhKiidet p. 642. 
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The proportion of niokel is not given; it is md to have Veen 
veiy small and only mechanically enclosed in the form of mktta 
The slag at the Bingerick Works in Norway contained 0*108 per 
cent. Ni, ai^ 0*08 per cent. Cu according to Schweder.^ 

The slag at Sudbury is said to possess a compositioti between 
mono- and sesqui-silicate, and to contain 0*45 per cent. Ni and 0*4 
per cent. Ou. One specimen contained S8 per cent SiQ^ 48 per 
cent. FeO,4*5 per cent. CaO, 10 per cent. AIjO,, 2 poresnt. S, 0*45 per 
cent. Ni, 0*4 per cent. Cu, and 2*5 per cent. MgO. 

These slags are partly thrown away, partly added again in 
eimilar smeltingis, or in the eoncentfsdion processes for the matte. 

The iron sows are chiefly composed of metallic iron, mixed 
with nickel and copper, and also with sulphur* carbon, silicon, arsenic 
and antimony oorapounda Iron and nickel are present, owing to 
the reduction of their oxides, or by separation from the fused matte, 
which contains great excess of those metala 
An iron sow from tMHenVtiig contained : — 


Ni 4*85 per cent. 

Cu 1-40 

Fe 88 17 

Co 0*05 „ 

8 405 

SiO, 2*11 „ 

One from the Bingerick Works Schweder gives as having ; — 

8 10'd4 per cent. 

Ni 1811 „ 

Cu 2*7 


If nickel is to be extracted from these sows, they are exposed to a 
blast on hearths, or smelted in reverberatory furnaces with metallic 
aulphides, or worked up by wet methods. 

EXAMPLES OF THE SMELTING OF ROASTED ORE IBTTO MATTE 

At the Isabella Works * the ores were roasted in kilns ; they con- 
tained before roasting 3 per cent. Ni and 5 per cent. Cu, the gangue 
being calc spar and diorite. They were worked into matte in a low 
Vlast furnace, 6 feet high, 2 feet 4 inches broad, and 2 feet 4 inches 
deep, which was constructed as a tpurofen with double slag notches 
(the so-called briUenofen), with one tuyere in the back wall, and was 
worked “ with a nose,” The pressure was from 0*8 to 0*66 in. of 
mercury. The charge consist^ of 100 parts roasted ore and 68 

' > Zoe, eit. ^ Schusbel, he. eU. 
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of ete sla^. In 24 hours 2*2 tons of roasted ore were smelted. The* 
consumption of ooke was 70 per cent, of the matte produced. Out 
of 100 parts ore, 30 of matte were obtained with from 13 to 19 
per cent. Ni. The composition of the slag is given above. 

At Klefva, in Sweden,^ the ores above motioned with from l OB 
to 2'3 per cent. Ni, after a previous roasting in heaps, were smelted 
in jum^furoaoes with five tuyeres, coke and wood charcoal being the 
fuel The furnaces had an oblong horizontal section about 4 feet broad 
by 3 feet 3 inches deep. The forehearth extended 3 feet beyond the 
breast of the furnace. The height of the coke furnace was 12 feet 
() inches, that of the wood charcoal furnace 19 feet 6 inches. The 
charge was roasted ore and a little unroasted, impure ore-slag, and 
slag from the concentration of matte. In 24 hours 34 tons of charge 
were worked. Out of this, 6*3 tons of matte were obtained, containing 
4*7 per cent, nickel. There are no figures given for fuel consump- 
tion. The length of a campaign is 2 months when coke is used,. 
0 months with wood charcoal. According to Badoureau, at Sagmyma 
in Sweden,^ the ores contained in the unroasted state 0*6 per 
cent, of nickel and 0*7 per cent, of copper ; they were roasted in heaps 
and then smelted in furnaces, of which the horizontal section was a 
trapezoid, 13 feet 6 inches in height (12 feet 6 inches from the level 
of the tuyeres to the mouth), and 3 feet 2 inches across from front to 
back. The number of tuyeres was 5, three in the back wall, and 
one in each side wall (The other measurements, the blast-pressure 
and the type of furnace are not stated in the original paper). In 

24 hours 10 to 12 tons of ore were smelted, but the consumption of 
fuel is not stated. The resulting matte contains on the average 
4 per cent, of nickel and 4*5 per cent, of copper. 

At the Bingerick Works,* the raw ore contained on the average 
1*73 per cent, of nickel, 0*81 per cent, of copper, and 30 per cent, of 
gangue. It was roasted in heaps, and smelted in shaft furnaces 6 feet 
6 inches high, 3 feet 3 inches deep, 3 feet 3 inches wide, constructed 
as mmp/Qfen, with 3 tuyeres (1 in the back, 1 in each side) ; the 
matte contained from 5 to 6 per cent, of nickel, and from 3*6 to 3*8 
per cent, of copper. The charge contained : — 100 parts roasted ore, 

25 parts slag, 21 parts coke. 

The quantity put through and the pressure are not given. A 
campaign lasted three weeks. After this time the bed of the fiimace 
was so thickly encrusted with sows of iron that the work had to be 
suspended until they were removed. 

^ Balling, M€tidlhmwhmd€, p. 866. 

* Berg, und HUtkn, BeUmg, 1879, p. 186. 


* Sohweder, loe. cU, 
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At Kra^erc5, in Norway,^ ores which unroaated oontained 1*26 
per cent. Ni were smelted in blast furnaces about 8 feet high, vefineiy 
elag being added to them (slag teom the refining aS the matte)^ and 
the product resulting contained per cent, of nickeli 

At the Sesia Works (Varallo in Piedmont)* the osee sUioeous, 
and contain from 1*2 to 1*44 per cent, of nickeL They are smelted in 
hrilhndfeny fi feet 6 inches high, 20 inches wide* and 24 inqlias deep, 
with one tuyere in the back, 2 inches diameter a| tihe nose, wihh a 
wind pressure of 1} in. mercury. The matte contained 7 per cent of 
nickel. In 1878 the charge consisted of: — 100 parts roasted 
ores, 28 parts limestone, 26 parts clay, 87 parts slag from the ooa- 
centration or refining process ; 16 parts coke are to 100 parts 
charge. In 24 hours 5*4 tons of chsrge are ppt through* 100 parts 
ere gives 32 matte, and 150 slag. 

At Sudbury* the ores contain on the average 3 per Cent of nickeb 
and undergo a single roasting in heaps. They are then smelted in 
Herreshof water-jacket furnaces, round or elliptical, constructed as 
spwrdfm, and provided with a movable fore-hearth runfiing on 
wheels. These furnaces are from 6 feet 6 inches to 10 feet high 
from the tuyeres to the mouth. To the ores is added a slag con- 
taining nickel from the Bessemerising of the matte. The product 
contains from 15 to 25 per cent, of nickel, and from 20 to 27 per 
cent of copper. The water jacket keeps the temperature so low that 
the formation of iron sows is much diminished or altogether avoided. 

At the works of the Canadian Copper Company^ 126 tons of ore 
are smelted in 24 hours in Herreshof furnaces about 9 feet high, 6 feet 
3 inches in the longer side, and 3 feet 3 inches in the shorter side, at 
the level of the tuyeres. The consumption of fuel is 15 per cent, 
roasted ore has such a composition that no additions are neceasaiy. 
The 15 tons of matte obtained contains from 20 to 25 per cent, of 
copper, from 18 to 23 per cent, of nickel, and from 20 to 30 per cent, 
of sulphur. * From selected rich ores a matte is frequently obtained 
with 52 per cent, of nickel. 

^ Dingier, vol. 229, p. 370. 

* Badooreaa, Anmle 9 dea Jfines, 1877, p* 237. JBerg. u, JSFiUeetk leUung, 1878, 
p. ISO. 

* Knat Styffb, Outerr. ZeUung, 189i, p. 309. Bhrenwerih, loe, eU, p* 306* 

^ Minerai Induairjf, p. 409, 1894. Trans. Amer, Inst. Mining Enginssrs^ 1389* 
Levet, **M4moireeiiirl6sPh>grtedeUiH4t8UiugUduNlokel,**wlMit.<if»Jg^mw,1892 
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b. THB RSMOVAL OF IRON FROM THE COARSE MATTE, OR ITS 

REFININO 

If the matte contains co{>per, it is worked up into a copper-nickoT 
alloy, or into nickel oxide, or into nickel ; if it is free from copper it 
is worked up into nickel oxide or nickel. In either case the material 
must first be freed from iron and converted into a nickel-copper 
matte without iron, or a nickel matte free from iron. 

The latter is completely roasted, and either sent into market in 
that condition, as nickel oxide, or the oxide converted into metal by 
reduction. 

If the nickel-copper matte is to be used for alloys, it is com- 
pletely roasted and then reduced. But if it is to be converted into 
oxide for the production of pure nickel, it must be first treated to* 
free it from copper, then completely roasted, and the oxide reduced 
to metal, or else the roasted product sent to market as it is. 

When the coarse matte is poor in nickel, or in nickel and copper, 
it may be necessaiy to go through concentration processes first, and 
in these processes some of the iron may be removed at the same 
time. 

We must then distinguish : — 

i. The conversion of coarse matte containing copper into copper- 
nickel matte. 

ii. The conversion of coarse matte firee from copper into fine 
nickel matte. 

Most ores contain copper, and therefore produce copper-nickcl 
matte. As a rule it is converted into a fine copper-nickel matte, 
which can be used to make alloys. But if from this matte a nickel 
or nickel oxide free from copper is to be obtained, special processes 
are necessary. They are to be found below. 

i. THE CONVERSION OF COARSE MATTE CONTAINING COPPER INTO 
FINE COPPER NICKEL MATTE 

This conversion, the 8a<*called *' refining” of the matte, entails 
smelting with oxidation in ore hearths, reverberatory furnaces, or 
Bessemer converters (to get rid of iron). If the matte i^ tpo poor to 
be subjected to refini^ at once (as is the case with the Scandinavian 
products), refining is preceded by concentration or enrichment, 
during which a great portion of iron is removed. Such concentration 
entails roasting followed by smelting in shaft furnaces, or more 
rarely in reverberatory furnaces ; or sometimes a simple smelting in 
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reveirberatoiy furnaces .without preliminaiy roasting. We further 
distinguish 

a. Concentration processes performed on poor matte. 

Refining of the matter original or oonoentmted* 

a, C0KC8NTRAT10N OF POOR MATTE 

I 

This consists in an oxidising roasting^ followed hf a smelting of 
the product with coal, and bodies containing 8ilioa» in blaat-foinaoea, 
or in reverberatozy furnaces ; or else in a single operation only*"«-an 
oxidising fusion in a reverberatory fofnace. The roasting must be 
conducted so that in the subsequent reduction the greater part of the 
iron passes into the slag, leaving the whole of the nickel and copper 
and part of the iron in the matte. The nickel and copper content 
of this should be enriched as for as is possible without slagging any 
considerable amount of nickel. Only most exceptionally is the con> 
centration process repeated on this product. 


oa. Boasting the Coarse Matte 

This roasting can be conducted in heaps, stalls, shaft furnaces, 
reverberatory furnaces or muifie furnaces. 

The chemical changes are the same as on roasting the ore. The 
product consists of a mixture of nickel monoxide, cupric oxide, ferric 
oxide and magnetic iron oxide, undecomposed sulphides and smalt 
quantities of sulphates. 

Boasting in heape has the disadvantages already detailed under 
roasting of ore. The gaseous products are dischaiged into the air, 
and os repeated operations are required, much valuable capital is thua 
compelled to lie idle. It has the advantage that the roasted product 
passes into the blast furnace in large piecea It is best if carried on 
in sheds protected by a roof, to avoid the washing away of nickel and 
copper sulphates by rain. The operation is conducted similarly to ore 
roasting ; but as the amount of sulphur is smaller, and the amount of 
foreign minerals to be got rid of is less, the heaps are also smaller 
than ore-heaps (from 50 to 200 tons). For a complete desulphuiisation 
of the matte 8 or 5 burnings are usually required. In the last one 
combustible material .(wood and wood oharc^) is laid in layers in 
the heaps, to obtain sufficient heat. The welt roasted part of the 
ore is picked out after each burning, the superficial layers and the 
badly roasted parts, after the pieces are broken up, taken with 
badly roasted ore from other heaps to a new heap. . The bed of the 

mm2 
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heap is made of brushwood, and coal, or of billets of wood. The 
heaps bum several weeks or months, according to their size and the 
amount of sulphur in the matte. 

Such roasting in heaps can take place only in places where the 
noxious gases may be passed into the air, and where sulphuric acid 
has no value. Such was the case in Sweden and Iforway. 

Boasting in stalls is not cheaper than in heaps, and endangers 
the health of the worker when the stalls have to be emptied. Never- 
theless with a right management of the air-supply it can be carried 
on more quickly than the other method, and it possesses this advan- 
tage that all noxious effects of the gases can be lessened or removed 
by the use of high chimneys. By this method, too, the roasted matte 
enters the furnace in large pieces. Here again several burnings are 
necessary if the sulphur is to be completely got rid of. 

These stalls have been used in Sweden, Norway and Piedmont. 
In Klefva^ each holds 50 tons matte. The roasting lasts 5 or 6 
weeks. In Sagmyma (Sweden) a stall holds 25 tons, and the matte 
goes through four or five burnings. 

In the Sesia works at Varallo ^ the matte is roasted four times 
in stalls, in charges of 20 tons. Each roasting lasts 5 to 8 days. At 
the last roasting coke is introduced in layers. One ton of wood is 
used to roast 20 tons of matte. 

At the Scopello works in Piedmont * there are Wellner stalls for 
this roasting of matte. These are stalls without a grate, but with a 
sloping bottom, which has fireplaces in one of the narrower sides. The 
length of a kiln is from 8 to 10 feet inside, width 10 to 11^ feet.* It 
has foui* fireplaces, and holds about 25 tons of matte. The matte at 
these works requires two to four burnings. The roasting of one 
charge lasts 16 hours. 

Boasting in shaft fumaoes is suitable when the gases have to be 
rendered innocuous, or can be converted into sulphuric acid. The 
necessaty condition is that the matte should not sinter easily. In 
that case the roasting of this matte can be carried on in kilns in a 
similar way to the roasting of copper and lead matte. Up till now 
this method of roasting has not been used. 

Boasting in rsmimitory fumaoss is the best way if the gaseous 
products can be ignored. The roasting is completed in the shortest 
time, and it can be stopped at the exact point Nevertheless, it has 
the drawbacks that there is a comparatively laige consumption of 
fuel, and that the matte must be in small pieces, and thercftre passes 

> Bslling, toe, eit. • Badoarosa, Bevy, iiwf Batten, £eituna, 1878, p. 188. 

* Bsdovreau, loe, ek, * Sen voL L p. 4t, 
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in this fonn into the blast furnaces for smelting. The noxious effect 
of the gases is diminished by the use of vciy high chimneys. 

The same sort of reverberatory fumaoes that are described in 
Vol. I, for the roasting of copper matte, are suitable for tins rousting. 
Such a method was used at the Isabella works at Dilleubuig.^ 

The matte there contained fix>m 13 to 20 per cent. Ni, from 16 to 
23 per cent. Cu, and from 22 to 27 per cent. S. It wus noaeMkl in 
hand-worked short reverberatory fumaoes of the form and dimettsionR 
of the lower portion of the old douUe Mansfield fumaoe. A charge 
of half a ton was roasted in 10 hours; for this half ton one-fifth of 
a ton of coal was needed, and 71 per cent of the sulphur was got rid 
of in the roasting. 

The roasting is carried on with greater advantage in long-bedded 
calcining furnaces, and mechanical oalciners, than in those of the 
ordinoiy type. 

Muffle furnam facilitate the use of the gases for sulphuric acid 
manufacture ; but, like reverberatory furnaces, entail a preliminary 
reduction of the matte to small sise, and a large consumption of fuel. 
Up till now they have not been used for this purpose. They would 
be suitable if the gaseous products were to be utilised, and for a 
matte that sinters easily and so does not lend itself to roasting in a 
Hhaft furnace. 

hh, Smelting of Boasted Coarse Matte into ConcerUrated Modte 

This smelting is carried on in blast furnaces or reverberatory 
furnaces. It consists in the smelting of oxides, sulphates and 
undecomposod sulphides of the various metals. Reverberatory fur- 
naces are used in England ; the others in Scandinavia and on the 
continent. Beverberatoiy furnaces have this advantage, that there 
is no formation of iron sows. 

Smiting of Boasted Matte in Blast Furnaces 

The furnaces are of the same type as for ore smelting. They 
must not be too high, as otherwise the reducing action of the carbon 
monoxide is too powerful, so that sows are formed. To decrease 
the probability of sows the furnace is arranged as a spurofin, 
generally a double gutter furnace with two eyes, the so-called Mllen- 
ofen or spectacle furnace. The fixed fore-hearth and the crucible 
arrangement are both conducive to the formation of sows. 

1 Schnabel, loe, ctV. 



METALLURGY 


Ml 


For the slagging of the iron, acid slag from the working of the 
ore is added, or quartzose ore, or ore mixed with acid silicates in such 
a way that a monosilicate slag results. The blast pressure is 0*6 
to 1*2 in. mercury. The chemical changes are just the same as in the 
smelting of roasted ore, except that there is no earthy matter to 
pass into slag. 

The products are concentrated matte, slag, and frequently iron 
sows as well. If this concentrated matte is still poor in nickel, as 
used to be the case at some of the Scandinavian works, the processes 
of roasting and smelting must be repeated. In this repetition the 
iron, down to a small fraction, is separated from the matte, and this 
latter is dead roasted and afterwards converted into copper-nickel. 
This method of getting a matte free from iron is, however, unsatis- 
factoiy in its results, takes up much more time, and is more costly 
than the refining of the concentrated matto described below. 

At Dillenbuig, at the Isabella works, the coarse matte contained 
from 13 to 19 per cent. Ni, from 14 to 22 per cent. Cu, and from 35 
to 44 per cent. Fe. The concentrated matte obtained from it had 
the following composition : — ^ 


1. It. in. 

Ou S4*4fl . . S5e8 . . 49-66 

Ni 28-69 . . .32-9.3 . . ,3019 

Fe 16-58 . . 13-03 . . 9*24 

8 21-16 . . 18*17 . . 10*91 


At Klefva, in Sweden, the concentrated matte contained from 52 
to 57 per cent. Ni ; 22 to 28 per cent. Cu. 

At Sagmyma, in Sweden, its composition was : frroin 25 to 26 per 
cent. Ni, from 25 to 30 per cent Cu, 26 per cent Fe, and from 25 to 
30 per cent. S. 

At Kragerd, in Norway : 30 per cent Ni, and 15 per cent Cu. 

At Sesia works, Piedmont : from 28 to 32 per cent Ni, from 48 
to 52 per cent. Fe, and 20 per cent S. 

At St. Blasien: from 24 to 26' per cent Ni. 

In such concentrated matte nickel and iron exist partly as mono- 
sulphides, partly as separated metals dissolved in these. In the 
cooling of the fused matte the metals frequently separate out iq 
laige crystals. A very poor concentrated matte was produced at the 
Bingerick works, in Notwaj,^ The original coarse matte contained 
5 or 6 per cent nickel ; the concentrated, from 10 to 12 nickel and 
from 7 to 10 per cent, copper; apparently this resulted from very 


^ Schnabel, loc, ctV. 


* Schweder, lor, cit. 
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inoomplete roasting of the matte* Aoobrdiog to E)>ennayer slag 
from the concentration process from the Aurora works at Ohdenhaoh 
liad the following composition ^ 


Silica ..... 

. . 

39'»68 

Alumina .... 


»'69& 

Ferrous oxide . . 


86*889 

Cupric oxide . . . 


0*821 

Nickelous oxide 


1*187 

Magnesia .... 


6*871 

lime 


6*865 

Potash ... 


0*207 

Soda . . 


0*094 


A specimen of the slag at Klefva had this composition : — ^ 


Silica . .... 

... 28*0^ 

Alumina .... 

... 8*80 

Ferrous oxide . . . 

. . . 60*52 

Cobaltous oxide 


Nickelous oxide > . 

. . . 1*44 

Manganous oxide J 


Sulphur 

. . . 0*88 


This slag is added to the ore in ore-smelting to recover the nickel 
contained. 

The iron sows have a similar composition to those farmed in 
ore smelting. One at the Bingeiick works contained 20 per 
cent, nickel and 1'5 per cent, copper. These are put in with the ore 
in ore smelting, or worked upon the refining hearts. 

At Elofra, in Sweden,’ the coarse matte was roasted in stalls. It 
contained before roasting from 3 to 4 per cent, of nickel ; it was 
smelted in a blast furnace about 5 feet high, with one tuyere in the 
back wall The product contained from 45 to 57 per cent of nickel ; 
the coke used was 25 per cent of the roasted coarse matte: quarts 
was added to the charge. 

At the Bingoiick nickel works in Nor^y the coarse matte con- 
tained from 5 to 6 per cent of nickel. It was smelted in blast 
furnaces 6| feet high, and gave a concentrated matte with from 10 to 

> SohnAel, loe. cU. * Kerl, MeUUlhmenkimdet p. 54S. 

4 Balling, loe. eU. 



METALLURGY 


Mi 

12 per cent, nickel, and from 7 to 10 per cent, copper. The 
charge waa: — 

100 parts Roasted matte. 

25 Slag. 

6 to 7 Said. 

.6 lime. 

22 C3oke. 

The campaigns of the furnace lasted only 8 to 10 days, owing te 
the fonnation of iron sows rich in nickel (19 or 20 per cent.). At 
Kragero, in Norway,^ the original matte contained from 3 to 4 per 
cent, of nickel ; after roasting it was smelted in a blast furnace about 
4 feet 3 inches high, 38 inches wide, and 25 inches deep. The con- 
centrated product contained 30 per cent, of nickel and 15 per cent, 
of copper. This matte was roasted and then smelted in the same 
furnace, and was converted into a matte with 60 per cent. Ni, 30 per 
cent. Cu, and 10 per cent. S. This last was completely roasted, and 
smelted to copper-nickel. 

At the Sesia works at VaralloJ Piedmont, the raw matte contained 
7 por cent, of nickel and cobalt ; it was smelted in a blast furnace with 
the addition of 42 per cent, quartz, and the product was a matt(^ 
with from 28 to 32 per cent Ni, from 48 to 52 per cent. Fe, and 20 per 
cent. S. The doily output was 8'5 tons ; 100 parts coarse matte gav(^ 
22 parts concentrated. To get 100 parts of the latter 17*5 parts of 
coke were used (dimensions of furnace not given). 

At the Isabella Works in Dillenburg the original matte contained 
from 13 to 19 per cent, of nickel, and was roasted in reverberatories. 
It was smelted in blast furnaces to a concentrated matte, with from 
28 to 30 per cent. Ni, and from 34 to 49 per cent. Cu. The furnaces 
were low blast furnaces, with one tuyere in the back wall, 6 feet 
high, 2 feet 4 inches wide and deep, arranged as “hrUlefufen*"^ 
The blast was 1*6 inches mercury. The campaigns lasted from 14 
days to 3 weeks. From 100 parts coarse matte 32 ports concentrated 
matte used to be obtained. In 24 hours 1*25 tons of the roasted 
matte was put through. The quantity of coke is 55 per cent, of 
coarse matte ; this is very high, and is caused by the low furnace. 

Smelting Rootled MaUe in Reptrheralory Fomaces 

These reverberatory furnaces are arranged just as those for the 
concentration of copper matte after the English method.’ To the 

^ Dingier, vol. 829, p. STS. * Badoureau, tor^cit, 

> rtefpvoLi p. metteq. 
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roasted matto there is added a certain quantity of quarts, or glass, to 
slag the iron. The iron is partly slagged by the action of the quarts 
lining of the hearth. 

The chemical changes in the smelting of the roasted iwpilfte, 
already referred to, are as follows. Ferric oxidq is reduced to JwiottS 
oxide by the undecomposed sulphide of iron present; tbj|l phases 
into the slag, and sulphur dioxide is formed ; a fbrther rpaWtity of 
sulphide of iron is changed to foirous oxide by the niticti and copper 
oxides, and also slagg^, the oxides of those metals meanwhile 
becoming sulphides ; further copper oxide and undeoompesed copper 
sulphide give metallic copper and sulphur dioxide. This copper is 
reconverted into sulphide at the expense of some iron sulphide. 
The iron thus separated is partly taken up by the matte, partly acts 
upon a corresponding amount of fenic oxide, giving more ferrous 
oxide to be slagged. There is no action between nickel oxide and 
sulphide. The various metallic sulphides unite to form the concen- 
trated matte. 

This method of concentration was fonnerly used at Sagmytna, m 
Sweden, where the matte, oontaimng from 13 to 14 per cent, of nickel, 
was first treated with dilute sulphuric acid to separate some of the 
iron ; then roasted, and smelted in reverberatories with a quartz flux, 
giving a matte of 35 per cent. Ni, 40 per cent. Cu and 0‘4 per cent. Fe 

The OxideUion of Coane Matte in Bevet^foiory Fwmam 

This is done in the samo manner as the oxidising of copper matte 
in England. The unroasted matte is chaiged in a reverberatory flimace 
on a sand bed, and first subjected to a partial roasting, which removes 
part of the sulphur and oxidises the iron ; then the temperature is 
raised and the whole smelted with the addition of sand. The iron 
passes into the slag, and the nickel and copper present form a matte. 
The process is finished when samples from the fiimace show that the 
greater part of the iron has been removed. It lasts about 8 hours. 
In England a furnace produces 2 tons of matte daily, with consumption 
of 2 tons of coal. Matte is obtained with only from 2^ to 3 per cent, 
of iron. The slag contains fixnn 2 to 2^ per cent of nickel. This 
is added to first ore-smeltings. By the repetition of tho oxidation 
(which may be looked upon as the refining of the matte) the pro- 
portion of iron is brought down to 0*5 or 0*76 per cent^ 

* Levat, ilim. dM 189S, Bk. S, pp. 141— S44. 
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fi. THK BEFININO OF THE COAB8E MATTE OB THE CONCENTBATED 

MATTE 

The refining of the inatte with sufficient content of nickel consists 
in an oxidising fusion, by which the iron sulphide is converted into 
ferrous Oxide and slagged off. Iron may also removed by roasting, 
followed by reduction in a blast furnace, or by repetition of these 
•operations. But this latter method is lengthy, expensive and less 
complete than the purifying by oxidising fusion. Also iron can be 
removed by roasting the matte, and smelting the product in reverbe- 
ratory furnaces. But this way is also more expensive than the 
simple oxidising fusion of unroasted matte. 

The smaller the quantity of iron to be removed from the matte, 
iihe quicker and the less attended by loss is the oxidising fusion 
Samples with less than 16 per cent, of nickel are rarely subjected to 
this process, and, if it was desired to prevent great loss of nickel in 
the slag, would give a matte still containing an appreciable quantity 
of iron, which would necessitate a second purification. 

The plant for the oxidising^usion consists of hearths, converters 
or reverberatory furnaces. In hearths only small quantities of matte 
can bo worked. The use of them renders a large consumption of 
fuel and labour necessary. They have been used in Scandinavia 
and on the Contimmt, but have fallen into disuse owing to thi'st^ 
<lrawbacks. 

Converters |K‘rmit the working of large quantities of matte in the 
shortest time, and need only a very small quantity of fuel to fuse the 
matte (if this is not run directly into the converters in the liquid 
state from the furnaces in which it is produced), and, further, they 
ensure a more complete separation of arsenic and antimony than 
hearths and reverberatory fomaces. But they demand a blast with 
high pressure, and much fire-proof material for lining and renewing 
linings, whilst, during the operation, large quantities of sulphur dioxide 
are sot free, which it is most difficult to prevent being noxious. 

In spite of these objections they are preferred to reverberatory 
furnaces, wherever power is cheap, impure mattes have to be treated, 
and fuel is dear whilst refractory materials are cheap. They are 
used with good result at Sudbury, in Canada, and on the Continent. 

Reverberatory furnaces can be managed more cheaply than 
hearths, and use raw fuel The gases produced are comparatively 
poor in sulphur dioxide, and con be rendered harmless by passing 
into high chimneys. They are used where converters are not con- 
venient from the noxious nature of their gases, or from not being 
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adapted for small producticm ; and where coal is very cheap. They 
are specially used in England. 

The chemical changes in these various amtigemeuts are the 
same, only tBey take place more rapidly in the conveiteci than in 
the other forma 

The iron is converted into ferxoua oxide by the oxygen of the air, 
and slagged by the silica of the fumaoe limng, or by siliceous matten 
added. Besides the iron a certain amount of nickel hod of copper 
is oxidised, to the lower oxide in each ease. Nickel monoxide with 
iron sulphide forms nickel sulphide and ferrous oxide. Cuprous 
•oxide and copper sulphide form copper and sulphur dioxide, cuptous 
oxide and iron sulphide form copper sulphide, iron, ferrous oxide 
and sulphur dioxide. Separated copper takes sulphur irom any iron 
sulphide remaining, and sets iron tree, which passes into the matte. 

Finally there results a matte of nickel and copper sulphides with 
only a fraction of a per cent, of iron. 

^fining of the Matte iae Hearths 

The hearth is constructed exactly like the small refining hearth 
used for copper.^ It consists of a cavity, hollowed in powdered 
quartz or sandstone, hemispherical in shape, and over it is a chimney- 
hood. It contains according to size from li to 5 cwt. of matte. In 
front of the hearth there is generally a small slag hearth, in which 
the slag from the former collects. The nickel-copper matte is either 
run off by a tap-hole in the deepest part of the hearth into a cavity 
in front, or else taken out of the hearth after cooling. There is 
one tuyere in the back wall of the hearth ; it has an inclination of 
irom %¥ to 32^ 

At the Isabella works the hearth of powdered sandstone was 
about 14} inches in diameter, 8} inches deep.^ The charge was 
187 lbs. The pressure was 1*2 inches mercury. 

After the hearth was properly dried by wood charcoal, the 
concentrated matte was melted with coke. After the lapse of 1} 
hours the melting was complete. The fuel was then removed, and 
the slag floating on the surflu^ of the matte blown ^cold and 
removed. Again fuel was piled up, and the oxidising blast used 
until again a certain quantity of slag had collected, when it was 
removed in the same way. The indication that iron was wholly 
removed from the matte was the appearance of an enamel-like 
lustre in the solidified slag : this generally appeared f hour after 


1 VoL i. p. 171. 


* Schnabel, tee. eii. 
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complete fusion. The working of one charge lasted 2^ hours.* After 
the stoppage of the blast the nickel-copper matte was run into a 
cavity, lined with brasque, in the bottom of the hearth, whereby it 
took the form of a slab 4 feet 3 inches long, 1 foot broad, and 2 inches 
thick. On the average ISi cwt. of matte were blown in 24 hours. 
Out of 100 parts concentrated matte (with from 28 to 32 per cent. 
Ni and from 34 to 49 per cent. Cu) there were obtained 62 parts 
nickel-copper matte with from 39 to 42 per cent. Ni and from 40 
to 42 per cent. Cu. For 100 parts of this latter, 72 of coke were 
required, and two men worked one hearth. The approximate com- 
position of the nickel-copper matte is to be seen from the following 
analyses by Fresenius : — 


I II III 

Cu ....... 42-81 44-70 40-72 

Ni 40-07 39-68 42-38 

Co 0-26 0-64 0-78 

Fe 0-23 0-20 0-48 

Sli 0-04 0-90 1-22 

Ah 0-16 0-07 0*04 

S 15'19 13-.)6 13-95 


UoHidual matter . 0-04 (H)2 0-14 

ThiH matte consisted of a mixture of metallic sulphides and 
metals, the latter including arsetnic and antimony. It may be seen 
that the iron is reduced to a mere fraction per cent. It is hardly 
wise to attempt to remove this last trace, as a considerable quantity 
of nickel would thus be slagged off. 

Further, arsenic and antimony remain in appreciable proportion 
in this matte. The refining slag contains nickel, partly chemically 
eombiniHl, partly mixed mechanically, on account of its high specific 
gravity. 

The composition of such a slag at the Aurora Works at Qladen- 
bach, where refining is carried on in the same way as at Dillenburg. 
is shown by the following analysis by Ebermayer : — 


SiO, 

AlA 

FeO 

CuO 

NiO 

CoO 

MgO 

CaO 

Alkali 


36-291 

10-710 

48-690 

1- 074 

2- 142 
0-262 
0-309 
0-680 

Traces. 


At the Isabella Works the loss of metal in refining was 19 per 
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cent, of copper and 4*9 per cent, of nickel. These metals were for the 
most part recovered, inasmuch os the slag is added in smelting ore. 

At Elefva,^ the hearth, made of quartz-dand, took a charge of 
about cwt. The tuyere had an inclination of 32**. To slag the 
iron quartzosc sand was thrown from time to time on to the molten 
charge. Wood charcoal was used as ftiel. The rc^fineti matte, known 
as garstem, had the following composition : — 


Ni 6106 

Cu 30*78 

S 7*79 

Fe 0*42. 


At the Ringcrick Works,* a poor matte containing only from 10 
to 12 per cent, of nickel and from 7 to 10 per cent, of copper was 
treated in the hearth. The matte resulting contained so much iron 
that it had to undergo further refiniiig, which was carried on in a re* 
verberatory furnace. The matte refined on the hearth contained :~ 


Ni from 40 to 50 pcT cent. 

Cu „ 20 „ 30 

Fe , 6 „ 10 

S 20 „ 22 ,. 


Refining of Math in Reverberatory Furnaces 

The reverberatory furnaces for this purpose are constructed like 
those used in England for refining copper matte. The hearth is 
made of quartz. Quartz and also some heavy spar are added to slag 
the iron. 

Silica reacts with barium sulphate to form barium silicate and 
.set free sulphur trioxide, decomposed into the dioxide and oxygen.* 
Oxygen thus formed seems to have a specially marked action on iron 
43 ulphide. Since oxidation in a reverberatory furnace is less strong 
than in hearth furnaces and converters, there is frequently obtained 
a matte with 2*5 to 8 per cent, iron; in which case the process is 
repeated. Also arsenic and antimony are not so easily got rid of 
as they are in hearths, and much less easily than in converters. 

The process is generally so arranged that there is at first a 
rsomewhat low temperature, as in the roasting fusion of copper 
matte, so that a sort of roasting of the matte takes place ; after the 
addition of quartz sand, the temperature is raised. 

1 Balling, ipe. eft. * Sohweder, loe, eU. * Sebwedar, he. cii. 
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The process is used in England and on the Continent* In 
England,^ it is carried on in two operations ; the first has already 
been spoken of under concentration of coarse matte, and yields a 
concentrated matte with fiom 2*5 to 3 per cent, of iron. The second 
operation (refining proper) is conducted exactly like the first (after 
the principle of the roasting fusion of copper matte), and yields a 
matte with firom 0-5 to 0*75 per cent, of iron. The proportion of 
sulphur in the refined material must be at least 16 per cent., in order 
that it may be retidily crushed down to the size nccessazy for the 
later dead roasting. The length of each operation is about 
8 hours. During one day 2 tons of matte are worked up in the 
furnace, consuming an equal weight of coal. The slag which holds 
from 2 to 2} per cent, of nickel is added in a first smelting operation. 

At the Ringcrick Works, a matte which was at one time refined 
in reverberatory furnaces after having been purified by a blast 
contained from 40 to 50 per cent. Ni, from 20 to 30 per cent. Cu, 
and from 6 to 10 per cent. Fe. To every 100 parts of this garstein 
were added from 45 to 60 parts heavy spar, and from 20 to 30 parts^ 
sand. The firing was continued until the evolution of gases, chiefly 
sulphur dioxidis was finished. Then the slag was drawn off, and 
the refined matte tapped. 

According to Wagner, it is possible to obtain a matte almost free 
fiom iron by smelting matte already purified by the blast with a 
mixture of saltpetre and soda, either in crucibles or in rever- 
beratoiy furnaces A matte containing 25*32 per cent. Ni, 37*65 
per cent. Cu, 10*58 per cent. Fe, and 26*45 S., yielded, when smelted 
with 15 per cent, mixed saltpetre and soda, a matte with 40*93 per 
cent. Ni, 58*64 i)er cent, Cu, 0*25 per cent. Fe, and 0*18 per cent. S. 
This methcxl appears not to have come into use, for economic reasons. 

Be fining of Matte in Converters, 

The converters are constructed like those for purifying copper- 
matte by the blast,^ and, like them, have quartz linings. The 
<»penings of the tuyeres at the sides must lie at a certain distance 
above the bottom. If the blast entered through the bottom of the 
converter, the nickel-copper matte collected there would soon be 
>iolidified. The matte is run directly into the converter out of the 
furnace in which it was produced, or else melted beforehand in a 
cupola furnace. The charge in the converter is about one ton of 
matte ; the pressure up to 16 in. mercury. During the blow quartz- 
sand is add^, to slag the iron and save the lining. The length of 
> Le^’at, toe, at, * VoL i. p. 19S. 
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the blow varies, according to the content of iron, from 25 mmutes* 
to hours. 

With matte containing 36 per cent, of inm the time of the blow is 
1 hour 20 minutes (at the works near Havre). When the yvoportion 
of iron has gone down to 0*5 per oent., the blast is stopped and the 
matte poured. The slag remaining fix>m this process is pasty, and 
contains from 2 to 15 per cent, of nickel, as well as 2 per cent, of 
copper, partly as silicates, partly enclosed mechanycall)'. This is 
rc^turned to the ore-smelting process. 

At Sudbur}’ the coarse matte treated in converters contains fiom 
16 to 25 per cent, of nickel, from 20 to 27 per cent, of copper, and 
from 25 to 35 per cent, of iron. The matte should contam a certain 
amount of sulphur (16 per cent.) in order that it may be readily 
broken up for the ensuing roasting. 

Attempts to separate' metallic nickel by further application of th(^ 
blast to the matte aftci the iron has been ri'inoved, have been 
unsuccessful, because nickel, up to a certain stage, is more easily 
oxidised than sulphur, and because the heat set Ireo by the oxida- 
tion of the sulphur is not sufficient to fuse and to keep fused the 
nickel with its high melting point. 

In illustration of the Bessemer method we may quote the 
Canadian Copper Company’s works at Sudbury, and the works at 
Havre (France).^ The plant of the former consists of three con- 
vei'ti'rs, of which one only is in operation at one timi', while a second 
is being given a new lining, and the third stands ready to start. Ini 
this arrangement 25 tons matte, which has been fused in cupola 
furnaces, is treated in 24 hours, and yields 15 tons refined matte. 
The iron is almost completely removed, while the proportion of 
nickel is increased to 40 per cent., and that of copper to 45 per cent. 
Sulphur is removed, except 5 to 15 per cent. The refined matte is- 
tapped out of the converter and cast into square slabs about 3 
inches thick and 3 feet in the side. 

There are no special indications in the flame for the disappear- 
ance of iron and the commencement of the slagging of the nickel. 
Normally the slag does not contain more than 2 per cent, of copper 
and 3*5 per cent, of nickel The average composition of the refined 
matte is 

Cu 43*36 per cent. 

Ni 89*96 „ 

Fe 0*8 

S 13*76 „ 

^ T. Ulke, The Mineral Indwlry, 1894, p. 480. 
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It also contains 7 oz. of silver per ton, 0*1 to 0*2 oz. of gold, and 0'5 
oz. of platinum. 

At the Havre works ^ the converter holds only 1 ton. The blast 
pressure is 16 in. of mercury. Quartz sand is added, as soon as the 
temperature is high enough, to slag the iron. If the content of iron 
in the matte does not exceed 36 per cent., the operation is over in 
80 minutes. If the percentage of iron is larger, it is necessaiy to tap 
*oiit the iron slag first formed at the end of 25 minutes, and then 
continue the blow with the addition of more sand. As soon as the 
oxidation of nickel begins, the operation is stopped. The refined 
matte contains 0*5 per cent, of iron. The slag is difficultly fusible 
and contains 14 to 15 per cent, of nickel, chiefly in mechanically 
4>nc]oBed portions of matte. Part of this latter can be removed from 
the bottom of the slag-pots in metallic bottoms. The slag is returned 
to the ore-smelting. 

li. THE CONVERSION OF COARSE MA'ITE FREE FROM COPPER INTO 
REFINED MATTE 

If the coarse matte is free from copper or contains only a very 
small quantity of it, there is only the iron to be got rid of, with its 
i^quivalent of sulphur. In this case the conversion differs in no par- 
ticular from the conversion of the coarse matte containing copper 
into nickel-copper matte. It is just in the same way subjected to 
oxidising fusion in hearths, reverberatoiy furnaces or converters, and, 
when necessaiy, concentrated in a similar manner before this oxidising 
fusion. The chemical reactions are also the same, with this excep- 
tion, that those involving copper and its compounds do not take 
place. As the occurrence of a sulphuretted nickel ore free from 
copper is rare, this refining process is rarely carried on. In Europe 
1 he operation is at present performed in reverberatory furnaces after 
the manner of a roasting fusion. This is described for nickel-copper 
matte on page 541, and need not be repeated. The matte obtained 
contains roughly 75 per cent. Ni, 24 per cent. S, 0*5 per cent. Fe, 
iiiid 0*5 per cent other impurities. 

r. THE CONVERSION OF NICKEL-COPPER MATTE INTO COPPER- 
NICKEL ALLOTS 

This conversion consists of a roasting to convert nickel and copper 
into oxides, and a subsequent reduction of the mixed oxides with or 
without fusion, to an alloy of the two metals. 

1 T, Ulke, Th€ Mimrol Indwlry, 1894» p. 466. 
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a. ROASTING THE MATTE 

It must be dead roasted. To this end it is powdered as finely 
as possible, and then twice roasted in a reverberatory fumace. 
Oxidising material, such as saltpetre, i.s frequently added in the 
second roasting. Long-bedded calciners, as also short hand-worked 
reverberatory furnac^es, are used for this operation. 

At Klefva, in Sweden,^ one of the former kind, with^lopmg hearth » 
was used; it held four roasting charges^ of cwt. each. At 
Gladenbach,^ in Nassau-Hesse, a furnace was used with a rectangular 
hearth about 45 square feet in area, with a single working opening 
and two fines. The greatest height of the arch of the fumace above 
the bed was 14 inches ; the charge was 4 cwt. 

During the first roasting sulphur was removed, down to 1 per 
cent. The roasted matte was pulverised, and then further roasted to 
remove the last portion of sulphur The first roasting lasted H to 12 
hours, the second C to 8 hours. According to Levat, the consump- 
tion of fuel for 1 ton of refined matte was j- ton of coal in the first 
roasting, and tons in the second. The result of the roasting was 
a mixture of cupric oxide and nickel monoxide, which had a dark 
grey to black colour according to the proportion of copper. 

At the Aurora works at Oladenbach * about 4 cwt. of pulverised 
matte was spread out on the hearth an inch or inch and a half deep, 
and roasted for 12 hours, with continuous raking through, and occa- 
sional turning. To prevent sintering of the material the tempera- 
ture was lowered at the beginning of the roasting, and not allowed 
to rise above dull redness until the end, when it was brought to a 
bright redness. Sulphur was removed in this first roasting down to 
j per cent. 

The product was powdered and then subjected to an 8 hours 
roasting in the same fumace with the addition of saltpetre and soda. 
At first the temperature*was raised to a bright redness, but finally 
brought to a white heat to completely decompose the sulphates 
formed. During this second roasting arsenic and antimony were 
converted into arseniates and antimoniates by the saltpetre and 
soda, and these were removed by washing with water before further 
treatment. 

At Klefva^ the roasting was carried on in furnaces with inclined 
hearth. In these, four charges, each of 2k cwt., were put through. 
Wood was used as fuel. In the first roasting, one charge (2k cwt) 

> B»Uiiig, loc» Ht. * SohaaM, he, eU, 

Schnabel, PrtuM. Miniattrialztitwihrift, 1866, p. 137. * BaHing, /or. cit. 
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put through in about 4 hours; in the second roasting, in the 
space of about 8 hours. 

At the Bingerick works in Norway ^ sulphur was removed down 
to 2 or 4 per cent, in the first roasting. In the second, 10 per cent, 
by weight of calcined soda and 5 per cent of saltpetre were added to 
the already roasted matte. The salts thus formed were leached out 
by water fiom the product. 

According to Lcvat the refined matte is completely roasted in 
two operations in the new works in England and on the Continent. 
During the first, sulphur is removed down to 1 per cent., in the 
second at the most only 0*004 per cent, remains. The first operation 
is carried on in a long-bedded calciner 33 feet long and 8 feet broad 
with four working doors in the long side. The matte, crushed between 
rolls, is put into the furnace in charges of about 16 cwt., and spread 
on the bed to a depth of two inches. The temperature at first is kept 
down to dull redness to avoid sintering, and raised to bright redness 
at the close of the operation. The product is drawn out at the 
firebridge. The length of the Operation is about 6 hours for matte 
containing copper, and 8 hours if free from copper, as the nickelous 
sulphide is more difficult to decompose than copper sulphide. The 
quantity put through in 24 hours is 2J tons for first charge, or 
36 cwt. for second, with a fuel consumption of 2 tons of bituminous 
coal. The furnace is tended daily by three men. 

The product, which contains about 1 per cent, sulphur due to the 
presence of undecomposed lower sulphides and basic salts, is crushed 
AS fine as possible by rolls, sieved, and put for a ^second roasting 
into a furnace as wide as that described last, but much shorter. The 
charge is half a ton of the preceding product, which is completely 
roasted at a bright red heat in 6 hours. Every 24 hours 3 tons of 
coal are used. The furnace is tended by two men in a day. The 
oxide now resulting should not contain more than 0*004 per cent, 
sulphur. It is black if copper is present, and greenish-grey if it is 
not. 

/8. REDUCTION OF COMPLETELY ROASTED NICKEL-COPPER MATTE 
TO COPPER-NICKEL ALLOYS 

The mixture of cupric and nickelous oxide is reduced to a copper- 
nickel alloy. The process can be carried on, so that either an alloy 
without fusion is obtained in powder, dust or cubes, or so that the 
alloy is obtained fused. 

Nickel monoxide is reduced at a strong rod heat, without being 
> Sohweder, loe. eii. 
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fused at that temperature. Cupric oxide is reduced at a still lower 
temperature. 

The formation of alloy in the form of powder or cubes taStes place 
in muffles, in crucibles, or in twbes, while the production of fiisod 
alloy takes place m shaft furnaces. 

To make the powder the oxides are mixed with powdered coal 
and pressed tight m graphite crucibles ; to make cub«»<j they are 
made into a stiff paste with viscid carbouaceous substances (syrup, 
raw sugar) with the addition of water, mtvde into flat cakes, and 
lastly divided into little cubes of 0*4 to 0*6 inch side. These are 
ignited with powdered coal in crucibles or tubes. 

To make the fused alloy the oxides arc smelted with charcoal in 
a little shaft furnace 

At Klefva ^ the oxides were reduced In the form of powder in 
graphite crucibles in quantities of about 19 lbs. The crucibles were 
heated for 12 hours in a wind furiiHee which held from 8 to 12 pots. 
The pulverised alloy, which was a commercial j»roduct, had the 
following composition : — 




I. 

II. 

Ni . 

.... 

. . 60-25 . . . , 

... 66*46 

Cu . 

. . 

. 38*85 . . . . 

. . . . 32-33 

Fe . 

. • . 

. . 0*64 . . . , 

, . . . 0-70 

S , 

.... 

. . — . . • . 

. . . . 0-08 


At the Ringerick works the moist oxides were mixed with raw 
sugar, made into cubes, dried, and placed in crucibles in layers with 
powdered coal, and kept at a white heat for 5 hours. The cubes 
obtained were emptied into an iron box, in which they were cooled, 
then separated from coal by sieving, and finally polished with water 
in a rotating drum. 

At the Victoria works in Silesia ^ the oxides were made into a 
paste with wheat-meal, then spread out on a copper sheet, divided 
into cubes and dried. The cubes wore placed in layers with 
charcoal in graphite pots, and these heated in a wind furnace with 
coke; for one pot yielding about 11 lbs. alloy, 13 to 15 lbs. of coke 
were needed. (For the r^uction of nickel monoxide in muffles see 
later, p. 551.) 

The reduction of the oxides in a blast furnace was formerly 
carried on at the Aurora works at Gladenbach,’ and abo occasionally at 

I Balling, loc, cii, 

* Berg,- und HiUUn Zeitung, 1877, p. 900 ; 1S7S, p. 245. 

* Schnabel, he, eit. 
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Klefva At the former place the blast furnace, arranged as a oruciblo 
furnace, was 2 feet high, I foot 4 inches deep, and 1 foot 6 inches 
wide. The sole consisted of a light brasque (4 to 5 parts by volume 
of wood charcoal, 1 of loam). The blast, at a pressure of inches 
mcrcuiy, was given by one tuyere in the back wall, with an average 
inclination of 45"". Wood charcoal was used for the reduction. As 
soon as a quantity between 175 and 220 lbs. of oxide was run down, 
the alloy and slag were tapped out into a little tapping hearth. 
After the solidified slag was removed from the alloy, the latter was 
taken off in discs and broken into pieces while still red-hot. Out of 
100 parts oxide 35 to 38 parts alloy were obtained. 

^ easily fusible slag was formed by part of the oxides, the loam 
of the bras(}ue, and the material of the furnace wall, which slag pro- 
tected the alloy from' being oxidised by the air of the blast The 
slag contained considerable quantities of copper and nickel, and 
had also to be worked up separately for alloy. The loss of metal 
was 1*35 per cent. Ni and 8‘22 per cent Cu. Out of a refined 
matte which before roasting had the composition : — 


Ni 32*59 per cent 

Cu 52*00 „ 

Fe 0*41 „ 

S 17*71 

As-hSb 0*11 „ 


an alloy was obtained containing : — 

Cu 

Ni 

Fe 


59*5 per cent. 
39*95 ,. 

004 „ 


Out of an original matte which when unroasted had this coni- 
jiosition : — 


Ni and Co 
Cu . . 
As and Sb 
S . . . 


37*5 per cent 
48*5 „ 

Trace „ 

13-3 


an alloy was obtained containing : — 

Ni 45*06 per cent 

Cu 53*44 .. 
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C. THE CONVERSION OF* REFINED MATTE CONTAINING COPPER 
(nickel-copper matte) INTO NICKEL MAITE FREE FROM 
COPPER 

This conversion of the nickcl-oopper matte into matte free from 
copper is necessary if nickel monoxide or nickel is to be produced. 
This latter matte can then be treated in the same way as the refined 
matte without any copper. ^ 

Copper is removed by smelting the matte with sodium sulphate 
and coal. In this operation any iron present is also removed; 
therefore the matte may contain a certain quantity of iron. Unre* 
fined or coarse matte with not too large a proportion of iron can 
also be treated in this way. If the mattef contains a small quantity 
of copper, this can be converted into copper chloride by a chloridisiug 
roasting, and the salt so formed can be washed out by water. 

The removal of copper by the .nlphate of soda and coal treat- 
ment depends on the fact that sodium sulphide unites with copper 
and iron sulphides to form an easily fusible matte, into which nickel 
sulphide enters merely in small quantities. This matte is of less 
density than the one containing nickel sulphide, and separates from 
it on cooling. Any iron or copper present in this new nickel matte 
is removed by repeating the process. The matte of copper, iron, 
sodium and nickel sulphides is allowed to weather, and then smelted 
with coal, together with coarse matte obtained from the original 
ore; whereby the nickel content of both products is collected 
into one matte. This latter is smelted with sulphate of soda and 
coal, and gives, on the one hand« a matte consisting chiefly of nickel 
sulphide, and on the other, a cc^per-iron-sodium matte. By mingled 
repetitions of these operations the whole nickel is finally obtained in 
a matte of pure nickel sulphide. This is converted into the monoxide 
by oxidising, and may be sent into market, or reduced to nickel. 

In removing copper from matte by chloridismg roasting, it is 
•desired to convert the metal as much as possible into cupric chloride, 
which is soluble in water. The chlorides are dissolved out, and the 
residue (consisting, if from a refined matte, of nickel monoxide, but 
usually nickelic oxide also) is smelted with sodium sulphide, sand 
jmd wood charcoal. A pure nickel sulphide is thus obtained, and after- 
wards completely roasted. The nickel monoxide is reduced to nickel. 

This method, proposed by Emmens, is only applicable, however, 
when the quantity of copper is veiy small. For instance, if thf matte 
contains 20 per cent, copper, Youngwood ^ finds that a great' part of 

^ The Mineral Indiutry, ISM, p. 463. 
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it does not combine with chlorine, and thus escapes the removal by 
water. 

It has also been suggested ^ to remove copper from matte con* 
taining both copper and iron by the action of the blast in converters 
with basic or coke linings. First the iron, apd next the nickel, would 
pass into slag, while the copper in the end would be separated as 
metal. It is said that the nickel slag can be removed from the 
converter separately from the iron slag, and worked up alone for 
nickel by a wet or a diy method. The process would be divided into 
two periods by the adding of fluxes and slagging materials. In the 
first period, just as in the present method of woricing up an iron- 
copper-nickel matte, the iron would be slagged, and a copper-nickel 
matte free from iron remain. In the second period the nickel would 
be slagged and the copper separated as metal. Nothing is known as 
to the execution of this suggestion. 

The method of treating the matte containing copper by sodium 
sulphate and coal is used at the Orford Copper Company’s works at 
Constable Hook, New Jersey, near New York. The operation has 
been devised and is practically carried out by John Thomsen, director 
of the above company, and Charles Bartlett.* Since it is kept secret, 
only incomplete accounts have become public. According to these 
coarse matte or preferably concentrated matte is smelted with sodium 
sulphate and coal in a small blast furnace, where the sulphate is 
reduced to sodium sulphide, which makes the already mentioned 
fusible compounds with iron and copper sulphides. The products 
are tapped out into a receiver, at the bottom of which the heavier 
nickel sulphide collects, with only small quantities of the other two 
sulphides ; while the chief part of these sulphides with sodium sul- 
phide (according to other accounts, with caustic soda) lies on the top, 
and after solidification can easily be lifted off. The nickel sulphide 
separated from the upper layer C*tops”), still contains iron and 
copper, and is treated again in the same way to remove these metals, 
so that there are again obtained upper layers and a nickel sulphide 
free from iron and copper. The upper layers after being left for some 
time to disintegrate, are smelted with coarse matte and coke, and 
thus again a matte rich in nickel, and the same fusible compound 
of copper, iron, sodium and sulphur is obtained. 

By suitable repetition of these operations a fiurly pure nickel 

> Von Khrenwerth, Berg,^ und ffiUtenwe^en an^ der WdUumkllung m KlhAeagOi 
Wira, 1SS5. 

* MintraH Induttry^ 1S02, p. 307. Jolm L. ThoniMn, ^AmericMi patent, Wo. 
480,882, Jan. 10, 1893. 
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matte is apparently obtained. This is oxidised and smelted with the 
addition of sand, producing a very rich and pure matte. (Tho 
authorities quoted do not describe the plant used.) 

These processes attain their end quite successfully, but appear to 
be lengthy and costly. 

To use the method of chloridising roasting, the great part 
of the iron should be first removed in a converter* Then 
chloridising roasting takes place in presence of ^eaiu. Cupric 
chloride is leached out by water from the products. The residue 
consists of nickel monoxide with a certain quantity of iron oxide. It 
is smelted with sodium sulphide, sand and wood charcoal into a pure 
nickel matte. 

(/. CONVERSION OF NICKED MATTE REFINED, OR FREE FROM COPPER 
INTO NICKEL MOttORlDE, OR CRUDE NICKEL 

Nickel matte is converted into crude nickel in the same way as 
nickel-copper matte into the copper-nickel alloy. That is, the matte 
ih completely roasted and the monoxide reduced to nickel. The 
complete roasting is done in the same manner and with the same 
apparatus as before, and the account need not be repeated. 

In many cases nickel monoxide itself is sent into commerce. The 
composition of two specimens of this substance, obtained from 
Canadian ores, is given in the following analyses : — 


Ordins^ Monoxide. Better Qtiality. 
Per cent. Per cent. 

NiO and CoO ... 97*5 98*74 

CuO 0*4 030 

FeoO., 1-5 0*70 

As' . .... 0.3 0*04 

S 0*03 0*02 


SiOj 0*3 0*20 

The reduction of this compound to nickel takes place in the same 
way as the reduction of the mixed copper and nickel oxides. 

The nickel monoxide is either as above mixed with meal, symp, 
sugar, or such carbonaceous bodies, and reduced by wood chmoal 
at a temperature below the melting point of nickel, whereby the 
metal is obtained pulverised or in a spongy mass; or else it is 
reduced at a temperature a little above the melting point, with 
carbonaceous matter and a slight addition of materials for slagging ; 
then the metal is produced fused, and can be obtained in any desired 
form. 
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If nickel in powder, or cubes, or as sponge, is to be produced, 
crucibles, retorts or muffles are used. The reduction in crucibles is 
the same as in preparing copper-nickel alloy. 

The reduction of the oxide in retorts of fire-clay is described 
by Ktinzel,^ and has been carried out at Val Benoit, near Li^ge. The 
retorts are open at both ends, and have a width of 8 inches. They 
are placed in rows of 6, in a furnace of similar construction to the 
French one for liquation of antimony at Malbosc.^ The charging is 
done through openings in the arch of the furnace, to which openings 
correspond similar ones in the bed. Under these latter are tubes of 
iron plate, about 5 feet long, forming continuations of the clay 
retorts, and upon these iron pipes the clay ones rest. The iron 
pipes serve for the cooling of the nickel cubes formed in the 
retort, and they themselves rest, with three-quarters of their 
periphery, on an iron plate. At the beginning of the operation 
the retorts are filled to a certain height with small coal, upon which 
the cubes of oxide of nickel are charged. From time to time part of 
the contents of the coolers are removed through an opening in the 
lower part of the tubes. In this way the grains slide down the 
heated clay retorts, and finally are delivered into the coolers in the 
metallic condition. The removal of the cubes takes place every three- 
quarters of an hour or hour. At Val Benoit, in 24 hours, 10 or 12 
cwt. of nickel are produced in, a furnace with 6 retorts, with a 
consumption of 18 to 20 cwt. of coal. 

Very recently, according to Knut Styffe,® furnaces with muffles 
have been brought into use for preparing spongy nickel. A furnace 
of this kind holds 12 muffles, which are placed in two rows one above 
the other, and fired by a single fireplace. The furnace has working 
doors for each of these rows on opposite sides. The reduction lasts 
4 hours. The temperature is raised to 1200*’, in consequence of 
which the reduced nickel sinters into sufficiently solid pieces. 

Levat^ communicates an arrangement of a furnace with a single 
muffle, illustrated in Fig 820, The furnace is 11| feet long and 6 
feet wide. The muffle has an opening on the short side, and is there 
closed during the (^eration by doors {kh). These doors are counter- 
poised and protected within by fireproof linings. Oas fuel is used ; 
/, /, are the flues through which the flames play round the muffle. 
The oxide to be reduced is charged into iron vessels m, m, which are 
introduced at the side of the furnace opposite the generator, and 


> Kerl, p. 558. 

* Oesterr. ZeitocA,. ISM, p. 324. 


* iltUe, p. 441. 

* Lof. eU, 
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gradually pushed forward. until they are drawn out at the hottest 
place. Each crucible remains 24 hours in the fiimaoe. 

This furnace serves for the reduction of the mixed nickel and 
copper oxides, as well as for nickel oxide alone. If thenichal reduced 
alone is to sinter properly, it must be heated in the cmcibles to a 
temperature of 1100'*-1200* for at the very least 4 hours. 

The production of molten nickel the monoxide is carried 
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out, for example, at the Orford Copper Company’s works, Bergen 
Point, New York Harbour. 

According to v. Ehrenwertb,^ there are used for reduction and 
fusion, at this place, graphite crucibles 18 inches high and 14 inches 
wide, in each of which 75 lbs. of nickel monozide are placed Wood 
charcoal is the reducing agent (16 per cent by weight of the oxide) ; 
petroleum fuel is used The plan of the furnace is ah^wn in Figs. 
321, 322. The furnace has 3 chambers each holding 2 crucibles, the 
furthest chamber always standing empty* The mid£e chamber gives 
> Zac* eft,, p, 55a 
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the crucibles a preliminaiy heating, and the one nearest the fire serves 
to melt the reduced nickel. The petroleum flame passes through the 
various chambers in the direction indicated by the arrows, and finally 
reaches the chimney E. The petroleum runs first into the uppermost 
of 3 trays p, stretching the full width of %he furnace, placed one 
under another. When the top one is full, the petroleum flows into 
the next below and when that is full into the third p". The 
petroleum that flows away from the lowest passes into a receiver 
outside the furnace. The air for the combustion enters through 
the channels and then passes in the direction indicated by the 
arrow, through a channel going under the furnace, for preliminary 
heating before entering the fireplace. Such a furnace can smelt 
3 charges in 12 hours, and produces in this time 2400 lbs. nickel 
with an expenditure of 105 gallons of petroleum. The liquid 
nickel is poured into iron moulds and takes the form of bars. 
The material reduced is said to contain 90 per cent, nickel monoxide, 
and the metal produced 96 to 98 per cent, nickel and 0*5 per cent, 
iron. 

2. EXTRACTION OF NICKEL PROM THE SILICATE (GARNIERITE) 

This New Caledonian ore is a silicate of variable composition 
containing water, the constituents lying between the following 
limits : — 


NiO 9 to 17 per cent. 

SiO^ 41 to 46 

FcjOg 5 to 14 „ 

AI 2 OJJ 1 to 7 „ 

MgO 6 to 9 

HjO 8 to 16 


The nickel content of the gamierite which is smelted has of late 
decreased to between 7 and 8 per cent. At present it is treated only 
in Europe (Glasgow, Birmingham, Havre, Iserlohn). An earlier 
method of treatment was earned on in the neighbourhood of Noumea 
in New Caledonia, and consisted in smelting the ore in a blast furnace 
with coke and fluxes, producing a nickel-iron alloy, which was sent to 
Europe to be convert^ into pure nickel. 

At Noumea the pulverised ore was mixed with fluorspar, cryolite, 
soda, manganese ores and powdered coal, and made into bricks with 
tar. It was then smelted with coke in a furnace 26 feet high," with & 
blast heated to 400'* and at a pressure of 5 inches of mercury ; the 
product was iron-nickel alloy. limestone was added to combine with 
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the sulphur in the coke, half a ton being needed per ton of ore* 
If the ore contained too little iron, other ores rich in iron were 
added. On the average from 1,000 parts of ore 112 parts ferro-nickel 
were obtained with a consumption of 400 parts coke. 

The composition of this ferro-nickel is seen in these analjms 


1. II. 

Per cent. Per oent. 

Carbon 1*70 8*40 

Silicon 2*40 0*86 

Sulphur 0*55 1*00 

Iron 28*80 82*85 

Nickel 75*50 60*90 


From these it is seen that in spite of the addition of limestone 
the alloy still contained an appreciable amount of sulphur. The ferro- 
nickel was exjxuterl to Europe, when* it was Att«»mpted to punfy it 
from sulphur, silicon and iron by oxidising processes. For example, 
at Sept^mes, near Marseilles, the alloy was fused on a hearth of 
nickel monoxide in a Siemens-Martin fiiniaco, and finally a crude 
nickel containing manganese was added to remove the oxygen. A 
lining of chalk to the hearth was used to remove the silicon and 
sulphur. 

This operation attained its aim just as little as any of the other 
diverse methods, inasmuch as it was not successful in removing iron 
and sulphur from the nickel. Consequently the production of the 
nickel-iron alloy has been entirely given up. 

At present all the ore raised in New Caledonia is exported. The 
greater part comes to Europe, and there is smelted into a matte in 
blast furnaces with the addition of materials containing sulphur. 
This matte is refined in reverberatory furnaces or converters, or 
by roasting and smelting in shaft furnaces, and lastly worked up by 
roasting into nickel oxide, or into nickel by roasting and afterwards 
reducing. These processes ore carried on chiefly in Glasgow, 
Birmingham, Havre, and at the works of the French ** Le Nickel ’’ 
Co. at Iserlohn. 

The ores are smelted in shaft furnaces, which are surrounded 
with water jackets either throughout their height, or from the bottom 
to 3 feet 3 inches high. Coke and fluxes containing sulphur are added 
and the product is a coarse matte. The flux chiefly used is the 
calcium sulphide, remaining in the manu&cture of soda by the Leblanc 
process ; if this cannot be obtained, gypsum is used. By the use of 
this flux, the whole of the nickel mi part of the iron pass into 
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matte. The calcium sulphide is decomposed by the nickel silicate 
of the ganiierite, and nickel sulphide and calcium silicate formed. 
If gypsum is used it becomes r^uced to sulphide in the furnace 
by the coke, and the action with gamierite then proceeds. The ore 
is crushed to powder with gypsum and coal,|tnd this mixture pressed 
into bricks. In 24 hours 25 to 30 tons of ore are put through one 
of these furnaces. Xievat gives the consumption of coke as 30 per 
cent, of the ore. The matte contains 50 — 55 per cent. Ni, 25 — 30 
per cent. Fe, and 16 — 18 per cent. S, and is free from arsenic and 
copper. Just as above with nickel coarse matte, this can be freed from 
iron and an equivalent quantity of sulphur in reverberatory furnaces or 
converters. A refined matte is then obtained with an average com- 
position of 75 per cent. Ni, 24 per cent. S, 0‘5 per cent. Fe, and 
0'5 per cent, of various impurities. Just like the refined matte from 
the other ores, this is dead roasted, and reduced to nickel. 

The slag obtained from the ore smelting is thrown away. After 
refining the matte by roasting, and then fusing with sand, this refined 
product is smelted in the same furnaoes * with water jackets as 
are used for the ore. The slag obtained in the refinery contains 
large quantities of nickel ; it is made into bricks after being ground 
with sand, gypsum and coal, and smelted to a matte in the same 
furnaces. This matte is subjected to a smelting to concentrate it, 
and then treated in the same way as the coarse matte obtained from 
the ore. 


3. EXTllACTJON OF NICKEL FKOM AllSENlCAL ORES 

The arsenical ores are niccolite or kupfemickel, chloanthite and 
nickel glance. Only a very small amount of nickel is obtained from 
these ores, owing to their limited occurrence. Besides gangue, these 
nickel ores generally contain large quantities of iron, and often 
sulphur. The metallurgical processes consist of getting rid of the 
gangue, and separating nickel from iron, arsenic and sulphur. The 
.separation of nickel from iron depends on the fact that the chemical 
attraction of iron for oxygen is greater than that of nickel, whilst the 
affinity of arsenic for nickel is greater than its affinity for iron. It is 
therefore possible to oxidise and slag the iron in the ore, while the 
nickel is separated as arsenide. 

At a sufficiently high temperature nickel arsenide is converted by 
the oxygen of the air into a mixture of nickel monoxide and arseniate. 
The latter is mostly converted into monoxide by strongly heating 
with coal, and afterwards in a current of air. Another way is to 
remove the arsenic of nickel arsenide as an alkaline arseniate by 
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heating with saltpetre aiu} soda, while the nickel is converted into 
monoxide. Washing with water removes the alkaline arseniate from 
this oxide. The nickel monoxide is reduced to nickel as deecribed 
above. 

The production of pure nickel arsenide or nickel speiss from the 
ores entails roasting and smelting operations. If the ores contain 
sulphur, or more arsenic than is required to form the oempound 
NioAs, they are subjected to an oxidation to remove Jbbe sulphur and 
excess of arsenic ; and then reduced in shaft fiimaces. But if the 
ores contain no metallic sulphides and no excess of arsenic but on^ 
gangue, they are subjected at once to a smelting, with formation of 
slag, in shaft furnaces. 

Since as a rule there is a large proportion of arsenide of iron in 
the ores, a* speiss is general^ obtained which contains iron; it is 
known as coarse speiss, mi it rarely consists of only nickel 
arsenide. It is roasted in order to oxidise it, after which it is smelted 
in reverberator}’ or shaft furnaces ; it may also be fused and oxidised 
<in a hearth or in a reverberatory furnace, which removes the iron 
and a corresponding amount of the arsenic. If the speiss is poor in 
nickel and rich in arsenic and iron, these opexations will have to bo 
repeated. The nickel spoiss free from iron which is finally obtained 
— refined nickel speiss ” — is completely roasted in reverberatory 
furnaces, carbonaceous bodies being mixed with it from time to time 
to help to remove* the arsenic, and at the end of the process saltpetre 
and soda are added. In this way nickel monoxide is formed, and is 
reduced in the usual manner. 

We must then distinguish three operations : — 

a. Conversion of ore into coarse speiss. 

h. Conversion of coarse speiss into refined nickel speiss. 

r. Conversion of refined nickel speiss into nickel. 

a, CONVERSION OF ORE INTO COARSE SPEISS 

The basis of this conversion is the following : Ores which contain 
sulphur, arsenide of iron, or more arsenic than is required to form the 
compound Nij As are calcined and then reduced in shaft furnaces; 
ores free from sulphur or arsenide of iron, and not containing excess 
of arsenic, are smelted direct in reverberatoiy or shaft furnaces with 
the object of producing a slag. 

a. Bmdvn^ the Ores 

When the ores are free from sulphur, the roasting should be 
regulated so that the arsenic is brought down to the quantity suffi- 
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dent to OOQibme with the whole of the mokel to 6mx eo the 
naoixi product of the subsequent smelting. If the iMMiiig is earned 
too tax, and the quantity of arsenic is less than this, nickel will pm 
into the slag. When sulphur is present, the roasting should xemoire 
it as completely as possible, unless there is also copper enough 
be worth extracting. In this case sulphur should be retained 
such quantity that a copper matte is formed during smelting, and 
separates from the speisa 

During the roasting arsenic is converted partly into azsenic 
trioxide, ^tly into pentoxide. The iron and the nickel arsenides 
lose arsenic and become converted into oxides. The higher compound 
of arsenic is formed by the oxidation of the trioxide where it is in 
contact with red-hot masses of ore, and the red-hot furnace walls ; it 
combines partly with -the iron and nickel oxides (with cobalt oxide 
and with silver also if present). Further, part of this ai-seriic pent- 
oxide is reduced again to trioxide by contact with undecomposed 
arsenides, and with the lower metallic oxides, if any should be 
present. Arseniate of nickel is much more easily produced than the 
e(»rresponding salt of iron. The arseniates are fairly stable at 
a high temperature, as they are not ri‘adily decomposable by heat 
alone. If it is desired to remove the arsi*mc from them, powdered 
coal or carbonaceous matter is added. By these means iron arseniate 
is somewhat readily converted into ferric oxidc% while the acid 
radicle is converted into arsenic trioxide and suboxide, with the 
formation of carbon dioxide. Arseniates of '^obalt and nickel are 
converted into arsenides, which, in a current of air, are converted into 
oxides and basic arseniates, with a loss of some arsenic as trioxidc. 
The product of the roasting is accordingly a mixture of undecom- 
posed arsenides, oxides and basic arseniates. 

If metallic sulphides are present in the ores they ai*e oxidised to 
sulphates. Vapours of sulphur trioxide are formed from sulphur 
dioxide by contact action, or from the decomposition of sulphates, 
and exert an oxidising action on arsenides, which are partly 
converted into arseniates. Any arsenical pyrites (iron sulphide and 
arsenide) present in the ore, gives off fumes of sulphide of arsenic • 
at a red heat it is converted into a mixture of ferric oxide, sulphate 
and arseniate, setting free sulphur dioxide and arsenic trioxide. 

Carbonates of iron and calcium, which are frequently present in 
nickel ores, are changed into arseniates of those metals, or into a 
mixture of sulphates and arseniates if sulphides are present. During 
this heating the heat must not be carried so high that any silica 
present forms silicate with nickel monoxide, because this nickel silicate 
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is Imt impert9C%deeomiK)0^ agsin^ia thssi|lMM»4«iwt 
the formation of arsenide of nickel Thns» if sn|{pbides me preseSit 
in the ore, the product of roasting is a mixture of metalliQ sulphides, 
atsenides, oxides, sulphates and arseniatea 

The Toastiif /Siay be performed in heaps, stalls, reverberatory or 
shaft furnaces, or muffles. Since the complete removal of the 
aisenic is not really necessary, the ores are roasted in^tslts in most 
works, these stalls allowing of the collection of arsenic trioxide in 
the chambers attached. 

The best forms of apparatus for roasting are reverberatory for* 
naces and muffles. In the latter it is very easy to attain exactly 
the desired limit in roasting. If it is necessary to make the ftimes 
quite harmless, or to collect the whole of the arsenic trioxide formed, 
they should be used. 

Stalls were or aro lo use at Schladming in Styria, Dobschau lu 
Hungary, Leogang in Salsboig. 

At Schladming,^ ores containing 11 per cent, of nickel and 1 per 
cent, of cobalt were roasted in so-called Bohemian roasting stalls,* 
16i feet long, 15 feet wide ami 4 feet high, which were connected with 
condensing chambers for sulphide of arsenic and arsenic trioxide On 
the brick bottom of the stall was spread 5 inches of wood and a quarter 
of an inch of wood charcotil , on this 18 or 20 tons of ore spread out 
to a thickness of about an inch. In the long axes of the stall were 
two square wooden conduits, to improve the draught, and these were 
in connection with canals in the floor left free from ore. Before firing 
the stall a layer of fine ore was placed on the surface* of the charge, 
and then the stall bricked up. Firing was done by shovelling red-hot 
coals in at the wooden conduits. The rotisting lasted 5 to 8 days. 

At the George Smelting Works at Dobschau in Hungary, ore 
contamiug 4*6 per cent, of nickel and 1'5 per cent, of cobalt was roasted 
in stalls with arched roofs 10 feet high, 16J feet long, and 13 feet wide, 
connected with condensing chambers; 40 tons of ore formed the 
charge in one stall. The bed was formed of 1} — 2 cords wood. 
The roastmg lasted 2 to 3 days. 

At the Losonez Works in Hungary,* ores containing 14 to 20 per 
cent, of nickel with cobalt and 0*5 per cent of copper were roasted 
in reverberatory furnaces on beds 10 feet square in charges of 16 cwt. 
to 1 ton. Wood was used as fuel. 

A reverberatory gas-furnace designed by Flechner^ for the roast- 
ing of ores and speiss is depicted in Figs. 323, 324, 325. It is said 

* Badourean, Bfrg. wnd JBiUU 1878, p. 805. • AUg, HUtUnkittidit p. 888. 

* Bwg, wtd Hm. Zfg„ 1878, p. 806. « MA, 1878, p. 811. 
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to be used at Sohladming, and (with direct firing) in Westphalia. 
The gas enters the middle of the furnace through the channel a, 
and the air necessaiy for its combustion is led in through the pipe/. 
The products of combustion pass through four openings (up-takes) 
built in the side walls of the furnace, into the perpendicular channels 
5, and thence into the chimney. The ore is^charged into the furnace 
through two openings e in the "roof The working openings are 
at the four comers of the furnace. In front of each of these is a 
perpendicular shaft e which is connected with the intersecting 
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pjvbsages h. Waggons are wheeled into the latter in order to remove 
the roasted products when emptied through the channels e. 

13 The Smelting of the Nickel Ore into Coarse Speiss 

If gangue only has to be separated from the nickel arsenide, the 
ores are smelted in blast or reverberatory furnaces with the addition 
of fluxes and slag-forming materials. The slagging away of the 
gangue is the only chemical change aimed at in this process 

But if the ores have been roasted beforehand, and now consist of 
mixed oxides, arseniatcs and undecomposed arsenides, with often 
sulphates and sulphides as well, then the whole amount of nickel 
in the roasted product has to be collected into a speiss, the gangue 
to be completely slagged, and the iron as far as is possible. Any 
copper worth extracting should be collected in a matte. This sort of 
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smelting is usually perfonned in a blast fSmace, but can also be 
•carried out in a reverberatory furnace. 

In the blast furnace used as a rule on the continent, ferric oxide 
is jj^uced to ferrous and slagged with silica. Nichtol itin^oxide is 
p 4||H| reduced to nietal> partly reacts with iron ^aittenide to Ibmi 
ni^R arsenide and feirous oxide, which latter is also slagged by 
silica. The metallic nickel takes arsenic from compounds of nickel 
•containing it in larger proportiem, and Ni 2 As is thus formed, or it 
takes arsenic from iron arsmiide. This latter is thereby reduced to 
a compound containing less arsenic^ or iron is separated if snab com* 
pounds cannot be formed. The iron may be taken up by the speiss, 
but part of it reacts with ferric oxide to form fem^tis oxide which is 
slagg^. 

Nickel arseniate i& reduced toarsenidi. Iron arseniate loses most 
of its arsenic in the uppei' partirof the furnace, and arsenic }>entoxide 
is reduced to trioxide by the action of carbon monoxide; this trioxide 
volatilises, while carbon dioxide is formed, and ferric oxide 
is left, which is reduced to ferrous oxide ami slagged. 

If metallic sulphides, and sulphates of espper and iron are present, 
the same changes occur an stated above in the smelting of roasted nickel 
ori*8 containing sulphur. Copper sulphide unites with any metiUlic 
sulphides that remain to form a matti*. Nickel arsenide unites with 
any remaining iron arsenide, or otht»r arsenides that may be present, 
to form a speiss. If the copper present finds no sulphur to combine 
with, it passes into the speiss. If the matte is in \eiy small quan- 
tities it is taken up by both slag and speiss ; otherwise it separates 
out above the speiss. 

Earthy matter present, as well as most of the iron, passes into 
the slag. If there is not enough arsenic present to combine with all 
the nickel, a corresponding portion is slagged off. Any nickel silicate 
present, fonned by too great heat in the roasting, goes for the most 
part into the slag. Nickel silicate and iron arsenide do not readily 
interact, so it is not possible to get back all the slagged nickel into 
the speiss by such a change. 

The smelting is conducted so that a inonosilicate containing at 
least 30 per cent, of ferrous oxide is formed. An acid slag will 
contain nickel. (According to Badoureau, when nickel and cobalt 
arsenide are smelted together with a slag containing 30 per cent, of 
ferrous oxide, the two former metals are practically absent from it.) 
Otherwise the same principles are observed in the formation of the 
slag as were laid down above for its formation in smelting the sul- 
phuretted nickel ores in blast furuaces. Further, with regard to the 

VOL. XI. 0 0 
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amuigement of the fuvnaceA and conducting of the opemtion, all 
that has been said there still applies. The furnaces are constructed 
usually as crucible furnaces or have fixed fore-hearths. 

Eupfemickel containing heavy spar used to be smelt^ At 
Sangerhausen ^ without previous roasting. The blast fi|i||||^>, 
constructed as a crucible furnace, was 6^ feet high and 1 foot’Wner 

1 lb. fluorspar was added as flux to 100 lbs. ore, together with 

2 lbs. clay and 4 lbs. quartz, and also a measured quantity of slag 
from a previous operation. 100 ibs. of ore required 151* cb. ft. coal. 
The speies obtained contained about 40 per cent, of nickel. As 
instances of the smelting of roasted ore, we may take Schladming 
in Styria, Dobschau in Hungary, and Leogang in Salzburg. 

At Schladming,^ where the ore was roasted in stalls, and contained 
11 per cent, of nickeland 1 per cent, of cobalt, it was smelted in blast 
furnaces with crucible hearths, 6 J feet high, provided with one tuyere 
in the back wall. This furnace had a trapezoidal horizontal section, 

1 J feet wide in the tuyere wa^l, 1 foot 9 inches wide in the front wall, 
and 2 feet deep. * The tuyere was 5 feet 7 inches below the mouthy 
and 10 inches above the battom. The crucible had two tap holes, each 
of which communicated with a tapping hsiirth before the furnace. 
These hearths were made of slag from on* smelting, worked into a 
paste with milk of lime. The charge consisted of H9 iiart^^i roasted 
ore, and 19 parts quartz. In 24 hours 5 tons of ore were put 
through, with the use of 18 cwt. of wood charcoal, Tht‘ speiss, which 
was tapped every two hours, contained : — 

45 to 47 per cent. Ni 

4 „ (i „ „ Co 

« 10 „ Fe 

1 ,. 1-5 „ „ Cu 

33 ,, 30 „ „ As 

1 „ 2 „ „ S 

1 .. 2 „ „ charcoal 

At the George Works at Dobschau ^ in 1876, the ore contained 
4*0 per cent, of nickel, and 1’5 per cent, of cobalt, and was roasted in 
stalls. It was then smelted in blast furnaces IGJ feet high, circular 
in horizontal section, and having two tuyeres. The diameter was 

3 feet 4 inches at the level of the tuyere, 4 feet at the mouth. The 
tu} ei‘e was 2f inches in diameter, the blast pressure 2 J inches of 
mercury. The charge was 100 parts ore, 3-4 quartz, 8-12 limestone, 

* Berg, umt S'litl. Ztg., 1S64, p. 69. 

> IM., 1878, p. 905. * Ibtd., p. 906. 
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5-10 rich slug. In 24 hours 7 to 10 tons of ore were put through^ 
with one-fifth the amount of wood-charooal. The speies obtaiueci 
contained from 16 to 20 parts per cent, of nickel and cobalt. 

At Leogang, in Salzburg,^ the calcareous ore containing 2 to 3 per 
cent, of nickel and cobalt was roasted in etalls, and smelted with the 
addition of quartz in blast furnaces 4 feet high and 2} x 2} feet in 
plan. The slag obtained contained some cdbalt. 

The smelting of the ore in reverberatory fumadhs seems to b(» 
practised only in England. In such the nickel monoxide and arseniate 
formed in the roasting react with iron aiieenide to form ferrous 
oxide and nickel arseuida The iron is sUgged. Instunees of this 
method have not oomc to the knowledge of the writer. 

h, CONVERSION OF COARSE SPEISS INTO REFINED NICKEL SPfilSS 

This conversion, which aims at tho removal of the iron with its 
equivalent of arsenic, consists either (1) in roasting the coarse speiss^ 
and then smelting it in blast fiimaoes, and, if necessary, repeating 
the wh(»le process on the apeiss obtained; or else (2) roasting, 
smelting in reverberatories, and always repeating the operation on 
the insufficiently pure product; or else (3) smelting the roasted 
coarse speiss in crucibles ; or else (4) taking the speiss formed by 
roasting the coarse one and smelting in either of the two sorts of 
iurmices, then subjecting the product to an oxidising fusion in a 
reverberatory furnace without previous roasting. 

The chemical changes in roasting the speiss are the same as in 
roasting the ore. 

The chtinges in smelting this roasted speiss in blast furnaces 
the same iis for similar smelting of roasted ore, except for the slag- 
ging of the earthy matter. When the smelting takes place in a 
reverberatory furnace, the chang(‘s are chiefly these ; iron arsenide 
reacts with nickel monoxide and arseniate to form ferrous oxide and 
nickel arsenide. The ferrous oxide is slaggid by means of the silica 
present in the hearth, or added, or by the addition of potash and 
soda, while nickel forms a speiss. 

Smelting in crucibles entails the same changes as stiielting in 
reverberatory furnaces. 

When unroasted speiss undergoes an oxidising fusion in hearths 
or reverberatories, the iron is first oxidised or converted into iron 
arseniate (as in the Plattner nickel assay), and then is slagged by 
means of sand, glass and quartz strewed on the molten metaU 
After iron follows cobalt, and nickel after that. The process of 
* Berg, und Hdtt. Ztg . , p. 206. 
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oxidation can be gc regulated by repeated drawing off of alag, and 
ipapeated strewing of sand or poor quartzose ores on the molten 
nxaaSi that nickel remains combined as arsenide, while iron passes 
8kg. 



Fia 826 



Fio 827. 


The roasting of the speiss is carried on in stalls or reverberatory 
furnaces. Here also condensing chambers are added to make the 
products harmle*«s, or to collect the arsenic trioxide. The Flechner 
reverberatory furnace described above ^ has been used, with specially 
good results, either with gas or with direct firing. 


> P. 659. 
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The arrangement of the Hungarian reverberatory furnace ^ is 
shown in Figs. 326, 327. 

The bed S of the furnace, which is 8 feet long and 6^ feet in 
maximum width, consists of layers one above the other of slag, clay, 
sand and marl. The smelting hearth is hollowed out in the marl 
layer. C is the roof over the hearth-bed, 2 feet 7 inches high ; at 
the highest point / are openings, for the admission of air, 2 J inches 
wide at the nose. Through these, air at a pressure of 10^ inches 
of water is blown into the hearth-chamber. The fire-grate is 4 feet 
2 inches long and 2^ feet wide. This contains two grates, Ji and r, 
one over the other, of which the upper E is made of slag bricks, the 
lower r of iron bars. Wood is burnt on the upper grate ; the charred 
.sticks fiill through the interstices, shown in the figure, on i/) the iron 
grate underneath, where they are completely burned. 

The construction of Flechncr’s reverberatory furnace with gas 
fuel is shown in Figs. 328 to 333. 

A is the gas-producer, B the hearth, 0 the flue. The air for the 
combustion of the gases enters at Z>, and ascends through the 
channels /, which are placed between d, d, the exit-flues for com- 
bustion products. It is warmed in the pipe passing under the 
hearth of the furnace, and then passes on through the ports c into 
the chamber b, where it is mixed with the gases streaming out from 
the producer through the channel a. The burning gases pass 
through the port r into the heating chamber, and thence through 
the port d into the chimney 0. Through the hopper z the fuel 
is introduced into the] producer. The roof of the furnace is 
movable on hinges. The air for combustion is regulated by the 
valve /. 

At the George Works at Dobschau,* coarse speiss containing 1C to 
26 per cent, of nickel and cobalt was roasted in stalls with from 3 to 
5 firings, and then smelted to a concentrated speiss in blast furnaces 
similar to those used for^thcore.® In 24 hours 11 tons of speiss, with 
23 per cent, of quartz and 26*5 per cent, of charcoal, were put 
through. The concentrated speiss contained — 


Ni and Co . . . . 

. . . 31*9 per cent. 

Cu 

... 1-9 

Fo 

. . . 26-4 „ 

As 

. . . 36-3 

s 

... 31 „ 


' Bery. und Hutt» Zttf,, 187H,p. 206; Kerl, MetadhUttenktinde, p. 538. 
3 Btry. wui HiUt, Zty., 1878, p. 206. ^ P. 562. 
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This speisB was roasted three or four times in stalls, and then 
again smelted to a doubly concentrated speiss in one of the Hungarian 
furnaces described above. The charge in it was 1'8 to 2 tons 
of roasted speiss. When the roasted material was all fused, which 
took 10 hours, the air blast was turned on, and glass, quartz and 
soda were added. To prevent cobalt m appreciable quantity being 
slagged, the whole of the iron was not removed, but the blast stopp<;d 
when the iron, all but 8 or 10 |)er cent., was removed (after 12 to 14 
hours). 100 parts of the roasted concentrated speias wpiired 
2 parts of glass, 4 of (piartz, and 1 of soda The doubly concentrated 
speiss had this com]io*nition : — - 


Ni and Co . . . . 50 — 52 jhu- cent. 

Cu 1 — 2 

Fc . . . .... S-IO 

As . . 3K— 40 

a 1-2 „ 


The slag contained 1 or 2 por cent Ni and Co, and was added to 
ores during smelting. From the doubly concentrated speiss nickel 
and cobalt were extracted. 

At the Maudling Works ^ in Austria, the coarse speiss from 
>Schladming in Styria was worked up. It contained 46 to 47 per 
cent, of ni^el and 4 to 6 per cent of cobalt. It was first roasted in 
a reverberatory furnace with octagonal h(*arth and eight working 
doors, the central fireplace being situated under the middle of the 
bed. After this it was smelted in graphite crucibles with potn.sh and 
quartz. The crucibles were placed eight in each air furnace, and each 
contained 35 to 45 lbs. of the roasted coarse speiss, with 30 pvr cent, 
potash and 12 per cent, quartz. The heating of this furnace took 
3 hours, then the fusion took place after 6 hours more ; the crucibles 
remained 17 more hours in the fire, and then were taken out 
and emptied. In 24 hours 194 cub. ft. charcoal were used. 100 
parts of roasted coarse speiss gave 55 refined speiss with 67 
per cent, of Ni, Co and Cu, 2 per cent, of Fe and 31 per cent, of 
As. The slag was a mixture of arseniates and silicates of cobalt 
and iron. 

At Leogang, in Salzburg,^ the coarse speiss was roasted in stalls 
three or four times, and then smelted to a concentrated speiss in blast 
furnaces with quartz and slag from the first smelting. The latter 
apeiss was subjected to a blast in a Hungarian reverberatory furnace 


* Berff. mid JhUt, Ztij., 1878, p. 206. 


• Ibid. 
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ou a quartz bed. The blast was continued with repeated removal of 
slag and addition of sand until all the iron was slagged. The slag 
resulting contained cobalt, and was smelted with quartz and arsenic 
into a cobalt speiss. 


C. CONVERSION OF REFINED SPEISS INTO RAW NICKEL 

This conversion is effected by a complete roasting of the speiss 
and subsequent reduction to metal. 


a. Tiu Dead Roasting of Refined Nickel Speiss 

The object of this is to convert the arsenide of nickel entirely 
into monoxide. It is done by repeated roasting, the decomposition of 
any arseniate formed being ensured by the addition of carbonaceous 
matter, or part of the arsenic may bo converted into alkaline 
arseniate by the addition of saltpetre and soda during the roasting. 
Again, the two treatments may be combined, and first carbonaceous 
matter, secondly saltpetre (alone or with soda) added to the speiss 
during roasting. 

Nickel ar.senid<* is oxidised to monoxide and to arseniate, while 
arsenic trioxide escapes. The arseniate may be made to give off 
sonu* arsenic and fonu a basic compound by raising the temperature. 
But in presence of carbon it is reduced to arsenide, which again 
becomes converted partly into monoxide, partly into arseniate, by 
oxidation, while more arsenic trioxide is given off. The amount 
of arseniate present thus diminishes, and in this way, by alternate 
oxidation, and reduction, all the arsenic is finally removed. 

Again, the addition of saltpetre to the charge converts the 
arsenic^ into an alkaline arseniate, easily removed by washing with 
water. By taking advantage of this action the last portions of 
arsenic and of sulphur are removed, the sulphur as alkaline sulphate. 
Frequently soda, or soda and salt, is added with the saltpetre. 
By the action of the salt some arsenic chloride (and antimony 
chloride firom any antimony present) are formed and volatilised. 

(Apart from roasting, arsenic may be removed also by smelting 
the speiss with saltpetre and soda, or smelting it with soda and 
sulphur, and washing out the salts formed ; or it can be removed in 
the form of sulphide of arsenic by heating the speiss with sulphur in 
absence of air.) 
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At Schladminfir i the iiefined speies wa8 completely roasted in a 
furnace, of which the construction may be seen in Figs. 334,, 
335, 336.2 

The fireplace / lay under the hearth H, which was 6 feet 6 inchea 
square. The gaseous products of combustion ]miss(h 1 up the perpen- 
dicular chimney k opening into the heatings chambc'r in the middl(‘ 
of the hearth. They left this latter by four openings s at the 
four comers, which openings ser\’ed also as working |M»rth, thence 
into chimney hood#over the comers, and over the arch of the tumace 
into the chimney y. 

The charge in the furnace was 4 cwt of speiss, which was dead 
roasted in 24 hours, using wood fuel After 20 hours hod elajwed, 
about 45 lbs. <«f a mixture of equal quantities of saltpetre and soda 
was added, which convcTtod the arsenic still pix^^ent into alkaline 



arseniate. This was dissolved out after the roasting, in a tub with 
water. The n.‘siduo consisted of nickel oxide. 

At the George Works at Dobschau, in Hungary, the refined 
speiss was roasted, in 1867, in a reverberatoiy with double hearth. 
Towards the end of the first roasting, pine needles or charcoal dust 
was added to the mass at intervals of about half an hour. The 
product was sieved and ground, and then mixed with 10 per cent, of 
its weight of soda, 5 per cent, of saltpetre, and 10 per cent, of sea salt, 
and subjected to a second roasting for 4 hours. In this, arsenic and 
antimony were partly volatilised as chlorides, partly converted into 
alkaline arseniates and antimoniates. On account of these the mass 
remained pasty for 2 hours. After the roasting the arseniates and 
antimoniates were removed by repeated washing with hot water. 

1 Berg, vnd HfUt. Ztg., 1878, p. 228. 

* Kerl, JHetallhiittenlntnde, p. 648. 
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/8. Bedudim of Dead Roasted Speiss to Crude Niekel 

This is done in the same way as the reduction of a completelyroasted 
matte of nickel, given above.^ If the speiss contains copper, so will 
the crude nickel. At Schladming in Styria, from 1860 to 1867,* 
the dead roasted and giiund speiss was mixed with 4 per cent, of 
syrup, and made up on a tin plate into cakes weighing 3‘7 lbs., 
^6 inches wide, 10 inches long, and J inch thick ; these were dried and 
cut into cubes. The cubes were dried in the suuif^r in a baking>oven 
and reduced to metal in crucibles of fire-clay. Each crucible took a 
charge of 26 to 29 lbs. of the cubes of nickel monoxide, with 8 lbs. of 
coal dust ; 40 crucibles were placed in a round furnace, represented 
in Figs. 337, 338. R is the heating chamber which receives the 
crucibles ; the firejdace is below it. The products of combustion pass 
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•from the fireplace r through an opening o in the middle of the bed 
into the heating chamber, thence through 6 fiues z into a chamber 
above the arch of the furnace, thence into the chimney i\ 

The heating of the crucibles, performed with wood fuel, lasted 
48 hours. At each operation 7 cwt. of crude nickel were obtained. 

B Extraction of Nickel from Metallurgical Products 

Nickel or its alloys can be extracted in the dry way from various 
metallurgical residues, particularly certain forms of speiss obtained 
from copper, lead and silver ores which contain nickel as an impurity, 
-often very slight in quantity. Further, coarse or blister-copper 
frequently contains nickel, which collects in this product if there is 
but little arsenic in the copper ore ; and there are also slags ^and iron 
sows containing nickel. 


* P. 551. 


Btrg, und HutU Ztg. 1878, p. 244. 
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The speiss is worked, up in the same way as the coarse speinh 
obtained in the extraction of nickel from its arsenical ores. If it 
oon tains large quantities of lead, copper and silver, it is sought to 
separate lead and silver as an alloy (argentiferous lead) and the 
copper as a matte. Lead may always be removed from the speiss by 
roasting and reduction, and takes with it the greater part of any 
silver that may lx* pK^sent. Thus most of the silver is dii^MiBed of in 
the same process. The copper is converted into suljdiid^ by smelting 
with heavy spar, or with pyrites if that cannot be obtained. There 
results af^r these operations a speiss richer in nickel and mostly 
free from the other metals, and this is worked up by the procesHOs 
mentioned above. 

So, for exjjiniple, at Freiberg, a speiss containing all three of the 
above metals served for the extraction t)f the thn^e, and was smelted 
several times in a blast futnace with the addition of heavy spar, lead 
residues and slag, anil was (‘onvei.ed into aigentiferous lead, copj»er 
matte, and a s|ieiss containing hut little silver, lead and copper. 
The speiss thus enriched in cobalt and nickel up to 15 or 18 per cent, 
was smelted in a reverberatory furnace without any previous 
roasting, with the addition of 50 to CO per cent, of heavy spar, and 
20 to 25 per cent, of qnaitz; the products were a copper matte 
containing lead, and a speiss containing 40 to .^4 per cent, of 
nickel, 8 per cent, of copper, and free from iron. 

Copper containing nickel is subjected to a blast, which gives a 
dross containing nickel, and cojiper free from it. The dross may be 
jimeltcd in a blast fumaee again to coarse cop|>er containing nickel, or 
it may be smelted into a speiss when large quantities of arsenic and 
antimony are present. This coarse copper from the dross, called 
dioss or waste copper, gives on refining or subjecting to the blast a 
tii^cond dross richer in nickel and cobalt. By smelting this in a 
furnace, copper still richer in nickel is obtained. So by the repetition 
of these jirocesses the final result is a nickel-cop})er alloy, which is 
sold to the nickel works. 

Or again, the dross may be smelted with pyrites to a matte con- 
taining nickel, or with heavy spar and arsenical pyrites to a speiss 
and a copper matte. Again, nickel can be extracted from coarse 
copper in the wet way. 

The metal is obtained from slags containing nickel without copper 
by smelting them in blast furnaces with heavy spar or pyrites, 
yielding a nickel-bearing matte, or with arsenical pyrites, giving a 
nickel speiss. But if the slag holds copper in quantities worth 
recovering, the smelting is carried on with arsenical pyrites and 
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cither heavy spar or iron pyrites, so as to obtain nickel in a speiss, 
copper for the most part in a matte. This does not effect a satisfactoiy 
separation. It is therefore necessaiy, in case the separation is very 
incomplete, to treat again the speiss containing copper and the matte 
containing nickel with heavy spar and arsenical pyrites. 

For example, in Altenau the slags from the refining of dross 
copper, containing both copper and nickel, were smelted in blast 
furnaces with iron pyrites and arsenical pyrites to a speiss and a 
matte of the following compositions : — 

Speiss. Matte. 


Ni and Co 26*77 . . . 6*10 

Cu 19*85 . . . 37*24 

Fo 15*82 . . . 20*84 

Pb . . . * 12 *14 . . . 16 *10 

As 12*15 . . . trace 

Sb 10*01 . . . 0*47 

S 4*57 . . . 19*25 


The speiss was roasted in heaps three times over, and then re* 
smelted in the same way, with 5 per cent, arsenical pyrites, 12*5 per 
cent, heavy spar, 50 jHjr cent, slag from copper refining, and 50 per 
cent, slags from lead matting, into a second speiss and matte. Of 
t.b(‘se the compositions are : — 

S]H»iM. Matte. 


Xi 35*13 . . . 4*37 

Cu 17*18 . . . 37*45 

Fe 8*41 . . . 12*68 

Pb 6*59 . . . 22*81 

As 18*65 . . . trace 

Sb 10*82 . . . trace 

S 2*16 . . . 24*48 

Co 10*70 ... — 


The speiss was disposed of to cobalt works. 

When nickel is to be extracted from iron sows, they may be 
subjected to a blast in small refining hearths, and the iron oxide 
1 ‘t‘sulting slagged with quartz. In this way alloys are ultimately 
))r(Kiuced containing much nickel and copper; the method was- 
fonnerly in use at Klefva, in Sweden. Or by using the blast on a. 
small hearth, and strewing nickel, coarse matte or nickel ore on the 
mass, the nickel will be obtained in a matte. This was practised 
formerly at the Ringerick Works, in Norway. 
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At one works in Saxony,^ iron sows are treate((i, which contain 
molybdenum, the composition bc'ing 80 per cent, of Po, 2-6 per cent, 
of Cu, 2 per cent, of Ni, 1*5 per cent, of Co, 6 per cent, of Mo, 8 por 
cent, of S. After being broken small they are roasted in a rever- 
beratory furnace and then subjected to oxidising smelting in a similar 
furnace with quartz as a slagging material ; in this wa} the greatei 
part of the iron is slagged off, and a regulus is obtained, rich m 
molybdenum, nickel and cobalt. This latter is hcatpd to n^dnoss in 
a reverberatoiy with saltpetre and soda, so as to form alkaline 
molybdates. These are rejiiov£‘d by lixiviation, and th(‘ I'esidue 
consists chiefly of a mixture of oxides of nickel, cobalt and copper. 
This is smelted into a speiss with arsenical pyrites. 


C. New Proposals for i he Extraction c)f Nickel from its Ores, 

AND FROM METALl-rkOICAL PlUlDUCTS, IN THE DRY WaY 

Among new diy methods that have bt^en suggested, MoimIs 
requires mention. In this the nieke*! in ores or residues, in which it 
occurs os monoxide, is removed as nickel carbonyl [Ni(CC)) 4 j, which is 
dccomjK>sed into nickel and carbon monoxide at a higher temperature. 
Mond discovered that finely divided nickel in the presence of carbon 
monoxide at a temperature below 150° was converted into gaseous 
nickel carbonyl. This compound condensed to a colourles.s liquid, 
boiling at 43°, and the vapour wa** decmnjxwed into it^ constituents 
on heating to 180°. 

According to Mond, nickel nionoxidu should first be produce<l 
by roasting the ores or residues (especially the Canadian 
pyrrhotitc), and this compound reducisj to nickel by means of 
hydrogen, or some other gaseous reducing agent, at a temperature of 
350° to 400°. The metal obtained by this method in a state of very 
fine division should be exposed to a current of carbon monoxide at a 
temperature of 50°, when the nickel volatilises in the fonn of nickel 
carbonyl. The current of gas containing this compound is to be led 
into closed vessels, in which, when they are heated to 180°, nickel is 
deposited in the metallic form and exceedingly pure. The carbon 
monoxide set firee can be used again in the process. 

This operation, which would seem to be surrounded by many 
technical difficulties, has been carried out on the large scale in 
Birmingham. There is no account to hand of the economic results 
obtained. 


1 Berg, und Hmt. Ztg., 1878, p. 213. 
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11. Extraction of Nickel in the Wet Wav 

The wot way is especially used at present to extract pure nickel 
or nickel oxide from fspeiss and matte containing copper and cobalt. 
It is most unusual to submit ores directly to such a process, for in 
the great majority of ceases it is chea})er to concentrate the nickel 
first in the dry way, forming a speiss or matte. This is especially 
true of ores containing sulphur and arsenic. A great variety of 
methods have recently been proi)osed for extracting nickel in the wet 
way froTii the ores in which it occurs as silicate (gamierite), though 
V(*ry few of these seem ever to have been applied. At present it 
still seems more profitable with these ores to concentrate the amount 
of nickel, even although not verj" high, and to form a matte in the 
(Irj^ way. 

We distinguish then : — 

A. Extraction of nickel directly from the ores. 

B. „ „ from smelting products. 

A. Extraction of Nickel direct from the Ores 

If the ores contain arsenic or sulphur they must be roasted 
before being treated with solvents. (vSulj)hurotted ores may be 
jirepared for a wet method by smelting with potassium carbonate and 
sulphur, as at the Gap Mine, Pennsylvania.) ^ Ores such as gamierite,. 
containing nickel silicate, can be treated direct with solvents. 
H3’drochloric acid is generally the one used, occasionally dilute 
sulphuric acid. The latter, however, causes the fonnation of a 
])rocipitate of calcium sulphate afterwards, during the treatment of 
the solution with carbonate of lime and milk of lime. 

Ferric sulphate has been suggested by Emmens ® (Gossan procea.s^ 
as the solvent for the sulphuretted ores of Canada. According to him 
the nickel in Canadian pyrrhotite is dissolved out by this reagent,, 
even from the unroasted ore, but the solution of nickel from the roasted 
on* seems to be veiy much more rapid. Emmens therefore suggests the 
roiiating of the ore in furnaces, or the weathering of it, and subse- 
(piently treating it with ferric sulphate in wooden vats. Nickel is to 
bi* precipitated from the liquor as hydrate. The process has not 
yet been put into practice. 

This process has been tried experimentally by the Canadian 
(H>pper Company, but not brought into definite use. In the most 

' Berg , utid HMt . 1877, p. 300. 

^ MiwnU hviwtry , 1892, p. 335. 
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favourable cases only one-third of the amount of nickel and two-thirds 
of the copper of the ore arc brought into solution by ferric sulphate.' 

Macfiftrlane proposed to convert the nickel of the Canadian 
sulphuretted ore into chloride by roasting with common salt, and to 
leach the product with water to dissolve this chloride. Iron was to be 
precipitated from the liquor by a small quantity of caustic soda, and 
any copper present by senium sulphide. Finally the nickel was to be 
precipitated as hydrate by caustic soda. But nothing is as yet 
known with regard to the extent to which this methotl is pat into* 
practice. 

Ricketts^ brings nickel and copper into soluli(»ii as sulphates, and 
then precipitates the nickel as basic sulphate by alkalies and alkaline 
sul2)hates. Th«^ basic sulphate is converted into mont>xide by strong 
heating. Then the copp<‘r remaining in solution can be deposited 
electrolytically. 

Richanlson ^ converts both nickel and copper into chlorid<‘s, an<l 
scimrates the two salts by fractional distillation in an atmosphere of 
hydrochloric acid gas. 

The way in which the solution is generally treated is as follows . — 

It is first treated with sulphurette<l hydrogen or an alkalincr 
sulphide to precipitate copper, bismuth, lead, arsenic and any metals 
precipitable by these reagents. Then it is treated with chloride of 
liiiie to convert the iron into peroxide, which is precipitated by 
calcium carbonate. With the iron any arsemc present is got rid of 
as iron arseniate. Next comes the separation of cobalt as sesquioxide 
b} chloride of lime. Finally the nickel is precipitated as nickelous 
hydrate by milk of lime or soda. The hydrate is converted into 
oxide by heating to redness, ground up hno, and treated with dilute 
acid to remove excess of chalk and calcium sulphate. 

If copper is to remain with nickel, and an alloy (»f the tMo 
finally produced, the liquid can be treated at once with calciuni 
carbonate, after i)reviously oxidising the iron, and thus removing 
arsenic and iron. This is as long as the mentals of the sulphuretted 
hydrogen group, other than arsenic, are absent 

Occasionally the nature of the ore renders modifications of these 
processes necessary. Further, special plans have very recently been 
elaborated for the treatment of nickel silicate, gamierite in particular, 
but have come to a very small extent into practical use, and there- 
fore can only be mentioned .shortly. 

^ Mimra! IwhiHhyt 1894, p. 463. 

^ American Patents of Oct. 3, 1893, and Feb. 6, 1894. 

■* Amencan Patent, Apnl 10, 1894. 
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Formerly arsenical ores of nickel were worked by the wet 
method in Hungary ^ and in Bohemia ; it is now no longer used for 
these ores. The ores were treated with hydrochloric acid after 
preliminary roasting (Louyet’s process), and the solution was diluted 
with water, to precipitate the bismuth as basic chloride. Then 
chloride of lime was added, to oxidise ferrous oxide and arsenious 
oxide, after which milk of lime precipitated ferric hydrate and 
arseniate. Copper was precipitated by sulphuretted hydrogen or 
sulphide of barium, then cobalt as sesquioxide with chloride of lime^ 
and lastly nickelous hydrate by milk of lime. 

At Joachimsthal ^ in Bohemia the silver ores containing from 5 to 
10 per cent, of nickel and cobalt were formerly roasted in a current 
of steam. Silver was then separated as metal and nickel, and cobalt 
arseniates were formed. The roasted product was first treated with 
dilute sulphuric acid, and then with hot nitric acid. The former 
dissolved nickel and cobalt arseniates, the latter the silver and the 
remaining cobalt and nickel. After the silver had been precipitated 
by common salt the nitric acid solution was mixed with the sulphuric 
acid solution, and the whole treated with ferric chloride to convert 
the arsenic into ferric arseniate. Powdered limestone caused the 
precipitation of ferric arseniate, and from the solution remaining 
cobalt and nickel were successively thrown down by chloride of 
lime and milk of lime respectively. 

Special proposals to separate nickel from silicates (gamierite and 
rewdanskite) are as follows : — 

Herman^ heats rewdanskite with sulphuric acid in stoneware 
vessels until the acid begins to vaporise, lixiviates the mass, oxidises 
the iron with salt and saltpetre, precipitates it by chalk, and pre- 
cipitates nickel sulphide by sodium sulphide. This is completely 
roasted and the monoxide reduced. 

Laroche^ treats gamierite with its own weight of sulphuric 
acid 56** to 60** B., washes the solid product with warm water, and 
adds ammonium sulphate in quantity equivalent to the nickel 
sulphate present, and thus separates crystals of nickel-ammonium 
sulphate from the solulion by evaporating down and cooling. These 
arc dissolved in boiling water, and nickel carbonate precipitated by 
solution of soda. Instead of ammonium sulphate, an equivalent 
quantity of alkaline oxalate may be added, and nickel oxalate thrown 

' Berg, wnd HUHen. Ztg,^ 1849, p. 800. 

^ Kerl, MetollMttenkunde^ p. 554. 

* Berg, wnd HUtt, Ztg,^ 1876, p. 308. 

« Wagner, Jahret^richUt 1879, p. 235. 
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smelting is usually perfortned in a blast furnace, but can also be 
carried out in a reverberatory furnace. 

In the blast furnace used as a rule on the continent, ferric oxide 
is reduced to ferrous and slagged with silica. Nickel monoxide is 
partly reduced to metal, partly reacts with iron arsenide to form 
nickel arsenide and ferrous oxide, which latter is also slagged by 
silica. The metallic nickel takes arsenic fh>m compounds of nickel 
containing it in larger proportion, and Ni^As is thus formed, or it 
takes arsenic from iron arsenide. This latter is thereby reduced to 
a compound containing less arsenic, or iron is separated if such com- 
pounds cannot be formed. The iron may be taken up by the speiss, 
but i»art of it reacts with ferric oxide to form ferrous oxide which is 
slagged. 

Nickel arseniate is reduced to arsenide. Iron orseniate loses most 
of its arsenic in the up{)cr part of the furnace, and arsenic {)entoxidc 
is reduced to trioxido by the action of carbon monoxide ; this trioxide 
volatilises, while carbon dioxide is also formed, and ferric oxide 
is left, which is reduced to ferrous oxide and slagged. 

If metallic sulphides, and sulphates of copper and iron are present, 
the same changes occur as stated above ii) the smelting of roasted nickel 
ores containing sulphur. Copper sulphide unites with any metallic 
sulphides that remain to fonn a matte. Nickel arsenide unites with 
any remaining iron toenide, or other arsenides that may be present, 
to form a speiss. If the copper present finds no sulphur to combine 
with, it passes into the speiss. If the matte is in very small quan- 
tities it is taken up by both slag and speiss ; otherwise it separates 
out above the speiss. 

Earthy matter present, as well as most of the iron, passes into 
the slag. If there is not enough arsenic present to combine with all 
the nickel, a corresponding portion is slagged off. Any nickel silicate 
present, formed by too great heat in the roasting, goes for the most 
part into the slag. Nickel silicate and iron arsenide do not readily 
interact, so it is not possible to get back all the slagged nickel into 
the speiss by such a change. 

The smelting is conducted so that a monosilicatc containing at 
least 30 per cent, of ferrous oxide is formed. An acid slag will 
contain nickel. (According to Badoureau, when nickel and cobalt 
arsenide are smelted together with a slag containing 30 per cent, of 
ferrous oxide, the two former metals are practically absent from it.) 
Otherwise the same principles are observed in the formation of the 
slag as were laid down above for its formation in smelting the sul- 
phuretted nickel ores in blast furnaces. Further, with regard to the 

VOL. II. o 0 
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anuDgement of the furnaces and conducting of the operation, all 
that has been said there still applies. The furnaces are constwcted 
usually as crucible furnaces or have fixed fore-hearths. 

Kupfemickel containing heavy spar used to be smelted at 
Sangerhausen ^ without previous roasting. The blast furnace, 
constructed as a crucible furnace, was 6^ feet high and 1 foot wide. 

1 lb. fiuorspar was added as ilux to 100 lbs. ore, together with 

2 lbs. clay and 4 lbs. quartz, and also a measured quantity of slag 
from a previous operation. 100 lbs. of ore required 15^ cb. ft. coal. 
The speiss obtained contained about 40 per cent of nickel. As 
instances of the smelting of roasted ore, we may take Schladming 
in St 3 rria, Dobschau in Hungary, and Leogang in Salzburg. 

At Schladming,^ where the ore was roasted in stalls, and contained 
11 per cent, of nickel and 1 per cent, of cobalt, it was smelted in blast 
fnmaces with crucible hearths, OJ feet high, provided with one tuyere 
in the back Wall. This furnace had a trapezoidal horizontal section, 
1 J feet wide in the tuyere wall, 1 foot 9 inches wide in the front wall, 
and 2 feet deep. The tuyere was 5 feet 7 inches below the mouth,, 
and 10 inches above the bottom. The cnicible had two tap holes, each 
of which communicated with a tapping hearth before the furnace. 
These hearths were made of slag from ore smelting, worked into a 
paste with milk of lime. The charge consisted of 89 parts roasted 
ore, and 19 parts quartz. In 24 hours 5 tons of ore were put 
through, with the use of 18 cwt. of wood charcoal. The speiss, which 
was tapped every two houra, contained : — 
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At the George Works at Dobschau ® in 1876, the ore contained 
4‘5 per cent, of nickel, and 1*5 per cent, of cobalt, and was roasted in 
stalls. It was then smelted in blast furnaces 16J feet high, circular 
in horizontal section, and having two tuyeres. The diameter was 
8 feet 4 inches at the level of the tuyere, 4 feet at the mouth. The 
tuyere was 2} inches in diameter, the blast pressure 2} inches of 
mercury. The charge was 100 parts ore, 3-4 quartz, 8-12 Kmestone, 

* Btrg. und HMt. Ztg,, 1864, jk SB. 

> an., 1878, p. aos. * iMf., p. 206. 
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6—10 rich slag. In 24 hours 7 to 10 tons of ore were put throngh^ 
with onc-iifth the amount of wood-charcoal. The speiss obtained 
contained from 16 to 20 parts per cent, of nickel and cobalt. 

At Leogang, in Salzburg,^ the calcareous ore containing 2 to 3 per 
cent, of nickel and cobalt was roasted in stalls, and smelted with the 
iiddition of quartz in blast furnaces 4 feet high and 2^x2^ feet in 
plan. The slag obtained contained some cobalt. ^ 

The smelting of the ore in reverberatory funsaces seems to bo 
practised onl}’ in England. In such the nickel tnonoxide and arseniate 
formed in the roasting leaet with iron arsenide to form h^rrous 
oxide and nickel arsenide. The iron is slagged. Instances of this 
method have not come to the knowledge of the writer. 

h. CONVERSION 0\ (’OARSE SPEISS INTO REFINED NICKEL SPEISS 

This conversion, which aims a* the removal of the iron with iU 
equivalent of arsenic, consists either (i) in roasting the coarse speiss^ 
and then smelting it in blast furnaces, and, if necessar}', repeating 
the whole process on the speiss obtained ; or else (2) roasting, 
smelting in reverberatories, and always repeating the operation on 
th«‘ insufficiently pure product; or else (3) smelting the roasted 
coarse speiss in crucibles ; or else (4) taking the speiss formed by 
roasting the coarse one and smelting in either of the two sorts of 
furnaces, then subjecting the product to an oxidising fusion in a 
reverbenitory furnace without previous roasting. 

The chemical changes in roasting the speiss are the same as in 
roasting the ore. 

The changes in smelting this roasted speiss in blast furnaces are 
the same as for similar smelting of roasted ore, except for the slag- 
ging of the earthy matter. When the smelting ta^es place in a 
reverberatory furnace, the changes are chiefly these ; iron arsenide 
reacts with nickel monoxide and arseniate to form ferrous oxide and 
nickel arsenide. The feirous oxide is slagged by means of the silica 
present in the hearth, or added, or by the addition of potash and 
soda, while nickel forms a speiss. 

Smelting in crucibles entails the same changes as smelting in 
reverberatory furnaces. 

When unroasted speiss undergoes an oxidising fusion in hearths 
or reverberatories, the iron is first oxidised or converted into iron 
arseniate (as in the Plattner nickel assay), and then is slagged by 
means of sand, glass and quartz strewed on the molten metaL 
After iron follows cobalt, and nickel after that. The process of 
' Berg, und Biiit, Ztg,, p. 206. 
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oxidation can be so regulated by repeated drawing off of slag, and 
repeated strewing of sand or poor quartzose ores on the molten 
mass, that nickel remains combined as arsenide, while iron passes 
into the slag. 
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The roasting of the speiss is carried on in stalls or reverberatory 
furnaces. Here also condensing chambers are added to make the 
products harmless, or to collect the arsenic trioxide. The Flechner 
reverberatory furnace described above ^ has been used, with specially 
good results, either with gas or with direct firing. 


» P. 569. 



Among reverberatory furnaces for smelting the speiss or for re- 
fining it by a blast, the Hungarian furnace and the Flechner 
one with gas deserve mention. 



METALLURGY 


m 

The arrangement of the Hungarian reverberatoiy furnace^ is 
shown in Figs. 326, 327. 

The bed S of the furnace, which is 8 feet long and 6^ feet in 
maximum width, consists of layers one above the other of slag, clay, 
sand and marl. The smelting hearth is hollowed out in the marl 
layer. 0 is the roof over the hearth-bed, 2 feet 7 inches high ; at 
the highest point / are openings, for the admission of air, 2} inches 
wide at the nose. Through these, air at a pressure of 10^ inches 
of water is blown into the hearth-chamber. The fire-grate is 4 feet 
2 inches long and 2} feet wide. This contains two grates, M and r, 
one over the other, of which the upper S is made of slag bricks, the 
lower r of iron bars. Wood is burnt on the upper grate ; the charred 
sticks &11 through the interstices, shown in the figure, on to the iron 
grate underneath, where they are completely burned. 

The construction of Flechner^s reverberatory furnace with gas 
fuel is shown in Figs. 328 to 333. 

A is the gas-producer, B the hearth, & the flue. The air for the 
combustion of the gases enters at D, and ascends through the 
channels /, which are placed between d, the exit-flues for com- 
bustion products. It is warmed in the pipe passing under the 
hearth of the furnace, and then passes on through the ports c into 
the chambcT ?>, where it is mixed with the gases streaming out from 
the producer through the channel a. The burning gases pass 
through the port c into the heating chamber, and thence through 
the port d into the chimney 0, Through the hopper % the fuel 
is introduced into the] producer. The roof of the furnace is 
movable on hinges. The air for combustion is regulated by the 
valve I, 

At the George Works at Dobschau,^ coarse speiss containing 16 to 
26 per cent, of nickel and cobalt was roasted in stalls with from 3 to 
•5 firings, and then smelted to a concentrated speiss in blast furnaces 
similar to those used for^theore.^ In 24 hours 11 tons of speiss, with 
23 per cent, of quartz and 26*5 per cent, of charcoal, were put 
thiungh. The concentrated speiss contained — 


Ni and Co 

. 81'9 per 

cent. 

Cu 

l-O 


Fe 

. 26-4 


As 

. 36-8 


s ■. 
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^ ^ergr. md HiUL 1878, p. 206 ; Kprl, p. 088. 

^ Berg, und Mutt, Ztg , , 1878, p. 206. 
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This speiss was roasjlied three or four times in stills, and then 
again smelted to a doubly eonoentrated speiss in one of the Hungarian 
fiimaces described above. The *charge in it was 1*8 to 9 tons 
-of roasted speiss. When the roasted material was all ftised, which 
took 10 hours, the air blast was turned on, and glass, quartz and 
soda were added. To prevent cobalt in appreciable quantity being 
slagged, the whole of the iron was not removed, but the blast stopped 
when the iron, all but 8 or 10 per cent., was removed (after 12 to 14 
hours). 100 parts of the roasted concentrated speiss required 

2 parts of glass, 4 of quartz, and 1 of soda. The doubly concentrated 
speiss had this compasition : — 

Ni and Co 50 — 52 per cent. 

Cu 1—2 

Fe 8—10 

As 88 ■ —40 ,, 

S 1-2 „ 

The slag contained 1 or 2 per cent Ni and Co, and was added to 

ores during smelting. From the doubly concentrated speiss nickel 
and cobalt were extracted. 

At the Maudling Works' m Austria, the coarse speiss from 
8chladming in Styria was worked up. It contained 45 to 47 per 
cent, of nickel and 4 to G per cent, of cobalt. It was first roosted m 
a reverberatory furnace with octagonal hearth and eight working 
doors, the central fireplace being situated under the middle of the 
he'd. After this it was smelted in graphite crucibles with potash and 
quartz. The crucibles were placed eight in each air furnace, and each 
contained 35 to 45 lbs. of the roasted coarse speiss, with 30 per cent 
potash and 12 per cent quartz. The heating of this furnace took 

3 hours, then the fusion took place after 6 hours more ; the crucibles 
remained 17 more hours in the fire, and then were taken out 
and emptied. In 24 hours 194 cub. ft. charcoal were used. 100 
pa^ of roasted coarse speiss gave 55 refined speiss with G7 
per cent of Ni, Go and Cu, 2 per cent of Fe and 31 per cent of 
As. The slag was a mixture of arseniates and silicates of cobalt 
and iron. 

At Leogang, in Salzbuig,^ the coarse speiss was roasted in stalls 
three or four times, and then smelted to a concentrated speiss in blast 
furnaces with quartz and slag from the first smelting. The latter 
speiss was subjected to a blast in a Hungarian reverbmtoiy furnace 


1 Berg, und ffiUi. Ztg., 1B7S, p. SOS. 
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m «r bed The blast was continued with repeated lemoval of 
dpg 6^ addition of sand until all the iron was slagged. The slag 
mdting contained cobalt, and was smelted with quartz and arsenic 
into a cobalt speiss. 


C. CONVERSION OF REFINED SPEISS INTO RAW NICKEL 

This conversion is effected by a complete roasting of the speiss 
and subsequent reduction to metal. 


a. The Bead Roasting of Refined Nickel Speiss 

The object of this is to convert the arsenide of nickel entirely 
into monoxide. It is done by repeated roasting, the decomposition of 
any arseniate formed being ensured by the addition of carbonaceous 
matter, or part of the arsenic may be converted into alkaline 
arseniate by the addition of saltpetre and soda during the roasting. 
Again, the two treatments may be combined, and first carbonaceous 
matter, secondly saltpetre (alone or with soda) added to the speiss 
during roasting. 

Nickel arsenide is oxidised to monoxide and to arseniate, while 
arsenic trioxide escapes The arseniate may be made to give off 
some arsenic and form a basic compound by raising the temperature. 
But in presence of carbon it is reduced to arsenide, which again 
becomes converted partly into monoxide, partly into arseniate, by 
oxidation, while more arsenic trioxide is given off. The amount 
of arseniate present thus diminishes,* and in this way, by alternate 
oxidation, and reduction, all the arsenic is finally removed. 

Again, the addition of saltpetre to the charge converts the 
arsenic^ into an alkaline arseniate, easily removed by washing with 
water. By taking advantage of this action the last portions of 
arsenic and of sulphur are removed, the sulphur as alkaline sulphate. 
Frequently soda, or soda and salt, is added with the saltpetre. 
By the action of the salt some arsenic chloride (and antimony 
chloride firom any antimony present) are formed and volatilised. 

(Apart from roasting, arsenic may be removed also by smelting 
the speiss with saltpetre and soda, or smelting it with soda and 
sulphur, and washing out the salts formed ; or it can be removed in 
the form of sulphide of arsenic by heating the speiss with sulphur in 
absence of air.) 
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At Schladmini;^ the refined speiss was completely roasted in a 
fomaoe, of which the construction may be seen in Figs. 384, 
885, 886.2 

The fireplace / lay under the hearth M, which was 6 feet 6 inches 
square. The gaseous products of combustion passed up the perpen- 
dicular chimney ^ opening into the heating chamber in the middle 
of the hearth. They left this latter by four openings z at the 
four comers, which openings served also as working ports, thence 
into chimney hoods over the comers, and over th(^ arch of the furnace 
into the chimney y. 

The charge in the furnace was 4 cwt. of speias, which was dead 
roasted in 24 hours, using wood fuel After 20 hmira had elapsed, 
about 45 lbs. of a mixture of equal quantities of saltpetre and soda 
was added, which cotverted the arsenic still present into alkaline 
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arseniate. This was dissolved out after the roasting, in a tub with 
water. The residue consisted of nickel oxide. 

At the Qeorge Works at Dobsohau, in Hungary, the refined 
speiss was roasted, in 1867, in a reverberatoiy with double hearth. 
Towards the end of the first roasting, pine needles or charcoal dust 
was added to the mass at intervals of about half an hour. The 
product was sieved and ground, and then miaed with 10 per cent, of 
its weight of soda, 5 per cent, of saltpetre, and 10 per cent, of sea salt, 
and subjected to a second roasting fbr 4 hours. In this, arsenic and 
antimony were partly volatilised as chlorides, partly converted into 
alkaline arseniates and antimoniates. On account of these the mass 
remained pasty for 2 hours. After the roasting the arseniates and 
antimoniates were removed by repeated washing with hot water. 

^ Berg, nnd HUAt, Ztg,^ 1S78, p. S2S. 

* Kerl, MeitollhutHi^nde^ p. MB. 
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/9. Bedudion of Dead Boasted Speiee to Crude Nickel 

This is done in the same way as the reduction of a completelyroasted 
matte of nickel, given above.^ If the speiss contains copper, so will 
the crude nickel. At Schladming in Stjiria, from 1860 to 1867,^ 
the dead roasted and ground speiss was mixed with 4 per cent, of 
eyrup, and made up on a tin plate into cakes weighing 8*7 lbs., 
6 inches wide, 10 inches long, and ^ inch thick ; these were dried and 
cut into cubes. The cubes were dried in the sun or in a baking-oven 
and reduced to metal in crucibles of fire-clay. Each crucible took a 
charge of 26 to 29 lbs. of the cubes of nickel monoxide, with 3 lbs. of 
coal dust ; 40 crucibles were placed in a round furnace, represented 
in Figs. 337, 338. B is the heating chamber which receives the 
crucibles ; the fireplace is below it. The products of combustion pass 
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from the fireplace r through an opening o in the middle of the bed, 
into the heating chamber, thence through 6 flues z into a chamber 
above the arch of the furnace, thence into the chimney v. 

The heating of the crucibles, performed with wood fuel, lasted 
48 hours. At each operation 7 cwt. of crude nickel were obtained. 

B. Extraction of Nickel from Metallurgical Products 

Nickel or its alloys can be extracted in the diy way from various 
metallurgical residues, particularly certain forms of speiss obtained 
from copper, lead and silver ores which contain nickel as an impurity, 
often very slight in quantity. Further, coarse or blister-copper 
frequently contains nickel, which collects in this product if there is 
but little arsenic in the copper ore ; and there are also slags and iron 
sows containing nickel. 

^ P. 651. 


* Berg , und HutU Ztg » 1878, p. 244. 
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The speii98 is worked up in the same way as the ooarse speiss 
obtained in the extraction of nickel from its arsenical ores. If it 
contains large quantities of lead, copper and silver, i#iB sought to 
separate lead and silver as an alloy (argentiferous lead) and the 
copper as a matte. Lead may always be removed from the speiss by 
roasting and reduction, and takes with it the greater part of any 
silver that may be present. Thus most of the silvor is disposed of in 
the same process. The copper is converted into sulphide by smelting 
with heavy spar, or with pyrites if that cannot be obtained. There 
results after these operations a speiss richer in nickel and mostly 
free from the other metals, and this is worked up by the processes 
mentioned above. 

So, for example, at Freiberg, a speiss containing all three of the 
above metals served for the extraction of the three, and was smelted 
several times in a blast furnace with the addition of heavy spar, lea^l 
residues and slag, and was converted into argentiferous lead, copper 
matte, and a speiss containing but little silver, lead and copper. 
The speiss thus enriched in cobalt and nickel up to 15 or 18 percent, 
was smelted in a reverberatory furnace without any previous 
roasting, ^ith the addition of 50 to 60 per cent, of heavy spar, and 
20 to 26 per cent, of quartz; the products were a copper matte 
containing lead, and a speiss containing 40 to 44 per cent, of 
nickel, 8 per cent, of copper, and free from iron. 

Copper containing nickel is subjected to a blast, which gives a 
dross containing nickel, and copper free from it. The dross may be 
jsmelted in a blast furnace again to coarse copi)er containing nickel, or 
it may be smelted into a speiss when large quantities of arsenic and 
antimony are present. This coarse copper from the dross, called 
dross or waste copper, gives on refining or subjecting to the blast a 
.second dross richer in nickel and cobalt. By smelting this in a 
furnace, copper still richer in nickel is obtained. So by the repetition 
of these processes the final result is a nickel-copper alloy, which is 
sold to the nickel works. 

Or again, the dross may be smelted with pyrites to a matte con- 
taining nickel, or with heavy spar and arsenical pyrites to a speiss 
and a copper matte. Again, nickel can be extracted from coarse 
copper in the wet way. 

The metal is obtained from slags containing nickel without copper 
by smelting them in blast furnaces with heavy spar or pyrites, 
yielding a nickel-bearing matte, or with arsenical pyrites, giving a 
nickel speiss. But if the slag holds copper in quantities worth 
xecovering, the smelting is carried on with arsenical pyrites and 
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either heavy spar or iron pyrites, as to obtain nickel in a speiss, 
copper for the most part in a matte. This does not effect a satisfactory 
separation. It is therefore necessary, in case the separation is very 
incomplete, to treat again the speiss containing copper and the matte 
containing nickel with heavy spar and arsenical pyrites. 

For example, in Altenau the slags from the refining of dross 
copper, containing both copper and nickel, were smelted in blast 
furnaces with iron pyrites and arsenical p 3 rrites to a speiss and a 
matte of the following compositions : — 

SpeisB. Matte. 


Ni and Co 26*77 . . . 6*10 

Cu 19*85 . . . 37*24 

Fe 15*82 . . . 20*84 

Pb . . 12*14 . . . 16*10 

As 12*15 . . . trace 

Sb 10*01 . . . 0*47 

S 4*57 . . . 19-25 


The speiss was roasted in heaps three times over, ands then re- 
smelted in the same way,%ith 5 per cent, arsenical pyrit^, 12*5 per 
cent, heavy spar, 50 per cent, slag from copper refining, and 50 per 
cent, slags from lead matting, into a second speiss and matte. Of 
these the compositions are : — 

Spcifls. Matte. 


Ni 35*13 . . . 4*37 

Cu 17*18 . . . 37*45 

Fe 8*41 . . . 12*68 

Pb 6*59 . . . 22*81 

As 18*65, . . . trace 

Sb 10*82 . . . trace 

S 2*16 ... 24*48 

Co 10*70 ... — 


The speiss was disposed of to cobalt works. 

When nickel is to be extracted from iron sows, they may be 
subjected to a blast in small refining hearths, and the iron oxide 
resulting slagged with quartz. In this way alloys are ultimately 
produced containing much nickel and copper; the method was 
formerly in use at Klefva, in Sweden. Or by using the blast on a 
small hearth, and strewing nickel, coarse matte or nickel oref on the 
mass, the nickel will be obtained in a matte. This was practised 
formerly at the Ringerick Works, in Norway. 
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At one works in Saxony,^ iron sows are treated, which contain 
molybdenum, the composition being 80 per cent, of Fe, 2*5 per cent, 
of Cu, 2 per cent of Ni, 1*5 per cent, of Co, 6 per cent of Mo, 8 per 
cent of S. After being broken small they are roasted in a rcver- 
beratoiy furnace and then subjected to oxidising smelting in a similar 
furnace with quartz as a slagging material ; in this way the greater 
])art of the iron is slagged off, and a regulus is obtained, rich in 
molybdenum, nickel and cobalt This latter is heated to redness in 
a reverberatory with saltpetre and soda, so as to form alkalino 
molybdates. These are removed by lixiviation, and the residue 
consists chiefly of a mixture of oxides of nickel, cobalt and copper. 
This is smelted into a speiss with anenical pyrites. 


C. New PRoposAiij for the Extraction of Nickel from rrs Ores, 
AND FROM Metallurgical Products, in the Dry Way 

Among new dry methods that have been suggested. Mend's 
requires mention. In this the nickel in ores or residues, in which it 
occurs as monoxide, is removed as nickel carbonyl [Ni(CO) 4 ], which is 
decomposed into nickel and carbon monoxide at a higher temperature. 
Mond discovered that finely divided nickel in the presence of carbon 
monoxide at a temperature below 150** was converted into gaseous 
nickel carbonyl. This compound condensed to a colourless liquid, 
boiling at 43^ and the vapour was decomposed into its constituents 
on heating to 180®. 

According to Mond, nickel monoxide should first be produced 
by roasting the ores or residues (especially the Canadian 
pyrrhotite), and this compound reduced to nickel by means of 
hydrogen, or some other gaseous reducing agent, at a temperature of 
350° to 400®. The metal obtained by this method in a state of very 
fine division should be exposed to a current of carbon monoxide at a 
temperature of 50®, when the nickel volatilises in the form of nickel 
cartenyl. The current of gas containing this compound is to be led 
itfCo closed vessels, in which, when they are heated to 180®, nickel is 
deposited in the metallic form and exceedingly pure. The carbon 
tvioiloxide set firee can be used again in the process. 

This operation, which would seem to be surrounded by many 
technical difficulties, has been carried out on the large scale in 
Birdiingham. There is no account to hand of the economic results 
obtained. 


1 Btrg. tend HfUU Ztg., 1878, p. 213. 
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II. Extraction of Nickel in the Wet Way 

The wet way is especially used at present to extract pure nickel 
or nickel oxide from speiss and matte containing copper and cobalt. 
It is most unusual to submit ores directly to such a process, for in 
the great majority of cases it is cheaper to concentrate the nickel 
first in the dry way, forming a speiss or matte. This is especially 
true of ores containing sulphur and arsenic. A great variety of 
methods have recently been proposed for extracting nickel in the wet 
way from the ores in which it occurs as silicate (gamierite), though 
very few of these seem ever to have been applied At present it 
still seems more profitable with these ores to concentrate thf* amount 
ot nickel, even although not very high, and to form a matte in the 
dry way. 

We distinguish then : — 

A. Extraction of nickel directly from the ores. 

B. „ ^ „ from smelting products. 

A. Extraction JR Nickel direct from the Ores 

If the ores contain arsenic or sulphur they must be roasted 
before being treated w^ solvents. (Sulphuretted ores may be 
prepared for a wet metholj||w ^melting with potassium carbonate and 
sulphur, as at the Gap MiniP’ennsylvania.) ^ Ores such as gamierite, 
containing nickel silicat^^ can be treated direct with solvents. 
Hydrochloric acid is ^nerally the one used, occasionally dilute^ 
sulphuric acid. The latter, however, causes the formation of a 
precipitate of calcium sulphate afterwards, during the treatment of 
thc‘ solution with carbonate of lime and milk of lime. 

Ferric sulphate has been suggested by Emmens ‘ (Gossan process) 
as the solvent for the sulphuretted ores of Canada. According to him 
the nickel in Canadian pyirhotite is dissolved out by this reagent, 
even from the unroasted Ore, but the solution of nickel from the roasted 
ore seems to be very much more rapid. Emmens therefore suggests the 
roasting of the ore in furnaces, or the weathering of it, and subse- 
quently treating it with ferric sulphate in wooden vKts. Nickel is to 
be precipitated from the liquor as hydrate. The process has not 
yet been put into practice. 

This process has been tried experimentally by the Canadian 
Copper Company, but not brought into definite use. In the most 

^ Btrg , uwd Hutt , 1877» p. 900. 

‘ jUtHeml indiiBlrif , 1892, p. 985. 
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favourable oases onty one-third of the amount of nickel and two-thiida 
of the copper of the ore are brought into solution by ferric sulphate.^ 

Mjac&rlane proposed to convert the nickel of the Canadian 
sulphuretted ore into chloride by roasting with ommm salt, and to 
leach the product with water to dissolve this chloride. Iron was to be 
precipitated from the liquor by a small quantity of <^ustic soda, and 
any copper present by sodium sulphide. Finally the nickel was to be 
precipitated as hydrate by caustic soda. But nothing is as yet 
known with regard to the extent to which this method is put into 
practice. 

Ricketts * brings nickel and copper into solution as sulphates, and 
then precipitates the nickel as basic sulphate by alkalies and alkaline 
sulfates. The basic sulphate is converted into monoxide by strong 
heating. Then the copper remaining in solution can be deposited 
electrolytically. 

Richardson^ converts both nickei and copper into chlorides, and 
separates the two salts by fractional distillation in an atmosphere of 
hydrochloric acid gas. 

The way in which the solution is generally treated is as follows 

It is first treated with sulphuretted hydrogen or an alkaline 
sulphide to precipitate copper, bismuth, lead, arsenic and any metals 
precipitable by these reagents. Then it is treated with chloride of 
lime to convert the iron into peroxide, which is precipitated by 
calcium carbonate. With the iron any arsenic present is got rid of 
as iron arseniate. Next comes the separation of cobalt as sesquioxide 
by chloride of lime. Finally the nickel is precipitated as nickelous 
hydrate by milk of lime or soda. The hydrate is converted into 
oxide by heating to redness, ground up fine, and treated with dilute 
acid to remove excess of chalk and calcium sulphate. 

If copper is to remain with nickel, and an alloy of the two 
finally prc^uced, the liquid can be treated at once with calcium 
carbonate, after previously oxidising the iron, and thus removing 
ai'senic and iron. This is as long as the metals of the sulphuretted 
hydrogen group, other than arsenic, are absent. 

Occasionally the nature of the ore renders modifications of these 
processes necessary. Further, special plans have veiy recently been 
elaborated for the treatment of nickel silicate, gamierite in particular, 
but have come to a very small extent into practical use, and there- 
fore can only be mentioned shortly. 

1 mneraiJwiu9tfy, lS94,p. 463. 

> Amerioan Fatenta of Oct. 8, 1803, and Feb. 6, 1804. 

^ American Patent, April 10, 1804. 
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Formerly arsenical ores of nickel were worked by the wet 
method in Hungaiy ^ and in Bohemia ; it is now no longer used for 
these ores. The ores were treated with hydrochloric acid after 
preliminaiy roasting (Louyet’s process), and the solution was diluted 
with water, to precipitate the bismuth as basic chloride. Then 
chloride of lime was added, to oxidise ferrous oxide and arsenious 
oxide, after which milk of lime precipitated ferric hydrate and 
arseniate. Cop][)er was precipitated by sulphuretted hydrogen or 
sulphide of barium, then cobalt as sesquioxide with chloride of lime, 
and lastly nickelous hydrate by milk of lime. 

At Joachimsthal ^ in Bohemia the silver ores containing from 5 to 
10 per cent, of nickel and cobalt were formerly roasted in a current 
of steam. Silver was then separated as metal and nickel, and cdnilt 
arseniates were formed. The roasted product was first treated with 
dilute sulphuric acid, and then with hot nitric acid. The former 
dissolved nickel and cobalt arseniates, the latter the silver and the 
remaining cobalt and nickel. After the silver had been precipitated 
by common salt the nitric acid solution was mixed with the sulphuric 
acid solution, and the whole treated with ferric chloride to convert 
the arsenic into ferric arseniate. Powdered limestone caused the 
precipitation of ferric arseniate, and from the bolution remaining 
cobalt and nickel were successively thrown down by chloride of 
lime and milk of lime respectively. 

Special proposals to separate nickel from silicates (gamierite and 
rewdanskite) arc as follows : — 

Herman* heats rewdanskite with sulphuric acid in stoneware 
vessels until the acid begins to vaporise, lixiviates the mass, oxidises 
the iron with salt and saltpetre, precipitates it by chalk, and pre- 
cipitates nickel sulphide by sodium sulphide. This is completely 
roasted and the monoxide reduced. 

Laroche^ treats gamierite with its own weight of sulphuric 
acid 56^ to 60^ B., washes the solid product with warm water, and 
adds ammonium sulphate in quantity equivalent to the nickel 
sulphate present, and thus separates crystals of nickel-ammonium 
sulphate from the solution by evaporating down and cooling. These 
are dissolved in boiling water, and nickel carbonate precipitated by 
solution of soda. Instead of ammonium sulphate, an equivalent 
quantity of alkaline oxalate may be added, and nickel oxalate thrown 

^ Berg, und HiUUn, Ztg,^ 1849, p. 800. 

* Kerl, p. 564. 

* Berg* und MtUt, Ztg*^ 1876, p. 808. 

* Wagner, JohreAerkhUt 1879, p. 285. 
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down fix)m thd solution* Tho pnweilfttate in treated with boiliitf 
eoda solution at about 110^ C., when viikA oarhooate is foxined 
together with the alkaline oxalate. The carbonate is mbieed to 
metals and the oxalate is used over again, 

Rousseau^ dissolves the mineral in hydroohlmtio aeid« oxidises 
the iron with chloride of lime and precipitates it with cakium 
carbonate. Then he precipitates nickel with milk of magnesia. 
The solution remaining, consisting of magnesiuid and c^oium 
chlorides, is evaporated down, and he proposes to obtain hydro- 
chloric acm and magnesia from the solid residue by heating in a 
current of steam. 

Kamienski * dissolves the ore in dilute hydrochloric acid, oxidises 
the iron by a current of eblorine» precipitates it with magnesium 
carbonate, and decants off the warm liquid, and precipitates most of 
the nickel as carbonate, with soda. Then the solution is again 
treated with soda in the cold to precipitate magnesia and the rest 
of the nickel. The solution containing sodium and magnesium 
chlorides is evaporated down until salt or 3 nBtalli 8 eB out. From the 
remaining liquid magnesium chloride can be separated by evapora- 
tion ; the latter salt will yield hydrochloric acid if heated to in 
a current of steam. 

Araud * mixes the ore into a paste with hydrochloric acid, and 
heats this in fireproof retorts until the chlorides formed volatilise. 
They are condensed and dissolved in water. From the solution iron 
is precipitated by calcium carbonate, and then nickel by milk of lime. 

I^jj^illot ^ has suggested two methods. One is to mix the ore with 
sulphuric acid and ammonium sulphate, to add water and allow nickel 
to crystallise out of the solution as sulphate. The crystals are re* 
dissolved and nickel precipitated from this solution in the usual way. 
The second way is to heat the ore with sulphuric acid in a rever- 
beratory furnace, to leach the solid mass remainmg with water, preci- 
pitate iron by calcium carbonate after oxidising with chloride of lime» 
then to precipitate magnesium by sodium phoqphate, and finally 
allow nickel sulphate to ciystallise out of the lye. 

Dixon ^ smelts the ore to a speiss and treats this in the wet way 
to be subsequently described. 

Allen treats the powdered ore with sulphuric acid in the cold^ 
adding some Chili saltpetre ; then heats the mass to redness, lixiviates 
with water, precipitates first iron and chromium by calcined magne8ia> 

1 jBetv- wid Hun. Ztg,, 187S, p. 260. • Ibid. 

> 2^ ei^.,p.260. « Loc. ct«., p. 260. « £oe. 1S70, p. SOS. 

VOL. II P P 
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then aiokel as sulphide by sulphuretted hydrogen. The sulphide is 
completely roasted and reduced. 

Ohiistofle ^ has suggested several methods of treating gamierite 
in the wet way. These all appear to consist chiefly in the smelting 
of the ores to a matte and treating this as will be subsequently 
described. 

The processes for direct wet treatment of the ore were as 
follows : — 

1. The powdered ore is leached first with dilute, then with strong 
hydrochloric add. Iron is precipitated from the solution in strong 
acid by quicklime or chalk, and then nickel by milk of lime. 

2. The powdered ore is heated with concentrated oxalic acid 
solution, which leaves nickel undissolved. The residue is reduced to 
obtain nickel. To recover the oxalic acid, the solution is treated 
with milk of lime and calcium oxalate thrown down, from which 
oxalic acid is separated by sulphuric acid. 

3. The ore is treated with hot concentrated hydrochloric add, 
chloride of lime added to the solution, containing excess of acid, to 
oxidise the iron ; nickel oxalate is precipitated by oxalic acid, and 
the predpitate washed and heated. 

4. The ore is treated with hot concentrated hydrochloric acid, 
chloride of lime is added to the acid solution, iron and aluminium are 
predpitated by caldum carbonate, nickel is precipitated as sesqui- 
oxide by lime-water and chloride of lime. 

6. '!^e ore is treated with concentrated hydrochloric acid, iron and 
aluminium are precipitated by the method of (4), magnesium chloride 
is added (if not already present in sufficient quantity), and nickel 
is precipitated with a small quantity of magnesia by quick-lime. 
The precipitate is washed, dried, mixed with coal, and heated to a very 
high temperature, when the sulphur is taken up by the magnesia. 
The nickel then forms in grains and is washed out of the ignited 
residue. 

Herrenschmidt * has brought out a process which is said to 
be in use at the works of the Mal4tra Chemical Company at Petit 
Querilly, near Rouen, France. An ore from New Caledonia is em- 
ployed, with 18 per cent, of manganese dioxide, 8 per cent, of cobalt 
monoxide, 1*26 per cent, of nickel monoxide, 30 per cent, of ferric 
oxide, 5 per cent, of alumina, 2 per cent of limestone and magnesia, 

^ Berg, und HvJtt. Ztg.^ 1878, p. 259 ; 1879, p. 188 ; Wagner, •/oAfMbeh'cAte, 1878 

p.288. 

* Pelleton, Genie OivU, 1891, voL xviil,, p. 878 ; Aiptn. and Jfintnp JourwUt 1891, 
vol. Ui., No. 14. 
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Spercentofsilica. It is treated with a oonoentMtod solntioQ of green 
vitriol, vhich is said to dissolve manganese, odhalt and nickel as 
sulphates, while ferric oxide remains in the residue. The liquid, after 
being separated from the residue and allowed to settle, is tnated with 
sodium sulphide which precipitates cobalt, nickel and a small quantity 
of manganese, as sulphides. The last can be removed from the pre- 
cipitate by solution of ferric chloride. The solution containhig 
manganese is converted into calcium manganite by ''treatment ifith 
milk of lime in excess and a current of air. This odoium manganite 
is utilised in the prodnotifln of chlorine for chloride of 

lime (Weldon process). The precipitate vdiioh has been freed from 
manganese, and oonteinB only sulphides of nickel and cobalt, is 
subjected to roasting in a reverbeimtory fhmaee which converts it 
into a mixture of aulphatea These are dissolved in hot water and 
then converted into soluble chlorides by calcium chloride. For the 
separation of the metals, *the liquid is divided into two parts. From 
the first part, they are precipitated as hydrates of protoxides milk 
of lime, the precipitate is filtered off, washed into water, and the 
liquid treated with a current of chlorine and air until the sesquioxides 
are formed in it. The other half of the solution of chlorides is now 
added to this sesquioxide precipitate, and steam blown through the 
liquid for some time. Cobalt sesquioxide remains undissolved, while 
nickel sesquioxide passes into solution as chloride, and an equivalent 
quantity of cobalt sesquioxide is precipitated. After the whole of 
the colmlt has thus been separated, or else the whole of the nickel has 
gone into solution, the liquid is separated from the residue, and 
nickel is precipitated from it in the usual way by milk of lime. 

Nothing is known yet as to the economic results of this process, 
which seems rather complicated, and capable of being conveniently 
put into practice only at Leblanc soda manufoctories, which also 
make chloride of lime. 

By the process patented in Germany,* Herrenschmidt precipitates 
iron and copper from the solution containing iron, copper, cobalt and 
nickel, as sulphates or chlorides, thus; — ^he precipitates the iron by 
copper carbonate, and then, after separating this precipitate, the 
copper by nickel hydrate or nickel carbonate. Lastly cobalt and 
nickel are obtained from the aolution as 'described above, after this 
last precipitate has been removed. 


> Owinan Fatant, No. Wjm. 
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TImk prooeasM are divided into three ^prcmps— thoM ibr Quitter 
lllOM Ibr ipeiBB, and those fin- slags. 

1. EXTRACTION OF NICKEL FROM MATTE 

Matte, whether unroasted or dead roasted, will dissolve in 
acids. If unroasted matte is treated with acid, copper sulphide 
remains behind, and iron, nickel and cobalt dissolve for the most 
part. It is not possible to remove the whole of the cobalt and nickel 
from the residue, so that the latter has still to be specially treated 
for the two metals. 

The treatment of unroasted matte with acid is therefore not to 
be recommended; it is undertaken only exceptionally. The usual 
method is to dead roast the matte before treating it with acids. 

As ignited ferric oxide dissolves very slightly in dilute acid, it is 
well to raise the temperature as high as possible at the end of the 
roasting, so that as much iron as possible may remain in the residue. 
Hydrochloric or sulphuric acid is used as a solvent, the former 
preferably. If the roasting has been successful, practically no iron 
dissolves in either acid. Any arsenic present remains in the residue, 
as ferric or copper arseniate. 

The u.sun1 method of treating the solution, subject to many varia- 
tions, is the following : — It is treated with sulphuretted hydrogen or 
an alkaline sulphide to separate copper, lead, &c. Then iron is 
uxidis(*d by chlorine or chloride of lime, and precipitated by calcium 
carbonate. This precipitation must take place in the cold, as above 
40° C. an appreciable quantity of cobalt separates out. If copper 
has not been thrown down as sulphide, part of it now separates as 
carbonate. If arsenic acid is present it comes down with the iron. 

Cobalt is next separated as sesquioxide by chloride of lime. 
Excess of chloride of lime throws down nickel as well Potassium 
nitrite^ throws down cobalt from a solution neutralised by potash 
and acidified again by acetic acid, as cobalt-potassium nitrite, and 
leaves nickel in solution ; but it cannot be used to separate cobalt 
when lime or other alkaline earths are present, for then nickel 
is precipitated with the cobalt as nickel-potassium-calcium nitrite 

K,CaNi(NO^e- 

If great quantities of cobalt are in solution, and extreme purity of 
metal is not essential, ammonium sulphate can be used to separate 

1 Pogg, Ann., 74, 115 ; 110, 411 ; and Ann. Chem. Phann., 06, 218. 
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flalt s^pnmtes out and kam co^t in ikluti^. '^SImbi tomet k 
converted into nickel monoxide by heating;, ignited idth eoda end 
saltpetre, and lixiviated. In the heating of the double salt aWK 
monium sulphat^^ oA be recovered. Cobalt is precipitated from the 
remaining solution cokA •ammoniaro sulphate by ammoiiinm 
sulphide. Cobalt sulphide is roasted, heated with saltpetre and 
soda, and sen< into inarLci as sesquioxide. 

From the solution from which cobalt has been thrown down as 
sesquioxide by chloride of lime, nickul is precipitated as hydrate 
or as carbonate by milk of lime or by soda. The precipitate is 
filtered from the liquid in conical linen bags, and, if calcium sulphate 
is present, heated with Soda, so that caldnm carbonate and sodium 
sulphate are formed. The latter is washed out of the product 
water, and the calcium carbonate removed by dilute hydrochloric acid. 
The decomposition of calcium sulphate by s^a can also be conducted 
in the following way: the precipitate is heated with soda solution, 
the soda being present in excess, and then the residue of calcium 
carbonate ia washed out with water acidified with hydrochloric acid. 
If hydrochloric acid has been used as solvent for the nickel, lime 
can be leached out from the calcined nickel monoxide with the same 
acid. 

The nickel monoxide obtained in this way is reduced to nickel by 
the usual method. 

A direct treatment of matte with acid was formerly in use at the 
Scopello works in Piedmont.^ The nickel matte, containing 24 per 
cent, of Ni, 6 per cent of Co, 12 per cent, of Cu, 23 per cent, of Fe, and 
35 per cent of S, was treated with hydrochloric acid (33 per cent, of 
HCl) in stoneware vessels stftrounded with water in wooden barrels. 
Sulphuretted hydrogen was emitted from a tube in the cover of the 
vessel and was burned. After the matte had been three times 
treated with acid the liquid was syphoned off from the residue, which 
consisted of the copper sulphide of the matte and an appreciable 
•quantity of nickel and cobalt sulphides. This was charged into the 
blast furnace during the smelting of matte or ore. The solution, 
containing chlorides of iron, nickel and cobalt, was first allowed to 
settle, and then evaporated to dryness in a cast-iron pot heated from 
Above. The residue after this evaporation, a pulverulent mixture of the 
three lower chlorides, was heated in a reverberatory for 3 or 4 hours, 
^ Berg, und JTutK Ztg , 1878, p. 229. 
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mtix continual stirring, during which process part of the iron vo- 
latilised as chloride, part remained as ferric oxide. After this treat- 
ment the mass was put into a vat with water, and then the remaining 
iron was oxidised by chloride of lime and precipitated by powdered 
marble. When the solution was clear, cobalt was thrown down 
by chloride of lime, nickel by milk of lima The precipitates so 
obtained, cobalt sesquioxide and niokelous hydrate, were washed in 
woollen sacks until ammonium oxalate caus^ no cloudiness in the 
wash water. Then the two oxides were heated for 12 hours, and 
afterwards washed with acidified water. 

The treatment of roasted matte with acids used to be, or is still, 
carried on at the Isabella works at Dillenbuig, at the Victoria works 
in Silesia, at Schneebeig in Saxony, and at the Christofie works at 
St. Denis. 

At the Isabella works nickel wcus produced in the wet way between 
1848 and 1857; from 1857 to 1860 both nickel and the copper- 
nickel alloy. The methods for each are briefiy described below.^ 

(a) In the earlier process the red-hot concentrated matte was 
quenched in water to render it brittle, then pulverised, and sieved. 
The powder, in quantities of 3 cwt., was subjected to roasting in a 
reverberatoiy furnace in order to remove sulphur and oxidise iron. 

The roasted product was mixed to a thick paste with sulphuric acid 
(60"' B.) in vats, and then gently heated for two hours in a reverber- 
atory furnace ; during which time any ferrous sulphate was converted 
into ferric, and any excess of acid was driven off. The dry mass was 
treated with water to dissolve the sulphates, the solution then con- 
taining iron, copper and nickel sulphates. The first step was to 
precipitate iron and copper by calcium carbonate. For this purpose 
the liquid was raised to the boiling point in a copper boiler, and finely 
powdered calcium carbonate added by ladles full, by which iron and 
copper were thrown down as basic carbonates, and calcium sulphate 
with them. As iron comes down before copper, the precipitant was 
added only as long as iron was present in the solution, and then this 
precipitate, containing both iron and copper, was removed. A little 
nickel was always thrown down with copper, but in this way the 
presence of nickel in the first precipitate was avoided. It consisted 
only of iron and copper basic carbonates with calcium sulphate, and 
could be worked up into copper matte or copper. The filtrate from 
this precipitate was boiled up with a frah quantity of calcium 
carbonate, and thus copper thrown down with a small amount of 
nickel. This precipitate was added in the concentiation of nickel 
^ Hohnabd, Preuat, ZeUack,t 1805, p. 109. 
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matte, filtrate -mm treated with millt of Ume to pre- 

cipitate nickel hydrate. To remove oalciam aalphate from this 
precipitate it was dried and heated witb^ soda in fire-clay oraoihles, 
whereby calcium carbmiate and sodium sulphate were fignsed. The 
latter was washed out by water, the former by hydrodilotio aoid. 
The nickel monoxide was redno^ in the usual way, and formed 
cubes with the composition: — 

Ni 98*29 per eent. 

Cu 0*24 „ 

Fe 0*81 „ 

{b). According to the later method a ooame matte of average 
composition : — 

Ni 18 per cent 

Cu 19 „ 

Fe 86 

S 83 „ 

was converted into a concentrated matte of average composition : — 

Ni 
Cu 
Fe 
S 

This latter by oxidation under a blast on a hearth produced a 
matte composed of; — 


24 per cent. 
89 ., 

12 „ 

26 


Ni 

Cu 

Fe 

S 


36 per cent. 
43 „ 

2 ,1 

20 .. 


This last matte was dead roasted, and then treated first with 
hydrochloric, then with sulphuric aoid. The former dissolved 
the greater part of the copper and nickel, but not any iron present 
as ferric oxide ; the proportion of the metals dissolved was 7 parts 
copper to 1 nickel Both were precipitated from the solution by millr 
of lime. The precipitate was compressed, dried, and reduced to 
copper-nickel alloy, after the removal of the calcium sulphate. 

The residue a^ treatment with hydrocUorio acid (about 49 
per cent, of the roasted matte) was twice treated with sulphuric 
acid in the way described above, whereby the greater part of the 
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remioiilig oopper and nickel and a portion of the iron pmed into 
eolutioit The residue finally remaining was fe«^roasted. Iron was 
precipitated from the solution by calcium cailctflate at a tempera- 
ture of and then copper as basic carbonate at 70X!. by the 
same agent. A little nickd accompanied this copper, increasing in 
amount with the amount of oopper. In order to make this quantity 
of nickel as small as possible, it was sought always to dissolve as 
much copper as possible in the first treatment with hydrochloric, 
acid. 

The precipitate of basic carbonates of copper, nickel and iron was 
dissolved in hydiochloric acid. Copper and nickel were precipitated 
from this by milk of lime. This precipitate was first purified and 
then reduced to copper-nickel alloy. From the sulphuric acid 
solution still remaining, containing nickel sulphate with a little 
copper sulphate, the same agent — milk of lime — precipitated nickel 
hydrate, which was filtered affyiOompTessed, and then dried. 

The removal of calcium lilphate from these oxides (the copper 
oxide containing 8 per cent., the nickel monoxide 15 per cent.) 
was achieved by washing them with dilute hydrochloric acid 
after very strong heating. This arid removed the calcium sulphate, 
but no nickel monoxide, and veiy little copper oxide if the heating 
has been carried to the necessary temperature. After the acid had 
been used for washing, any portion of either metal present was 
removed from it by precipitation with milk of lime. This ][)recipitate 
served to neutralise acid solutions which were about to be treated 
with calcium carbonate. 

The oxides were reduced to metal in the usual way. The reduc- 
tion of the nickel monoxide required 3 hours in time and a strong 
white heat, while that of the copper oxide containing a little nickel 
was accomplished at a lower heat in an hour and a half. 

Metallic nickel was sent into the market in cubes ; the cubes of 
the copper alloys were melted on refining hearths, taken off in discs, 
and sold in that form to the Argentan Works. At a later period the 
copper mixed with nickel oxide was reduced on a refining hearth 
with two tuyeres, and a copper-nickel alloy with 73 per cent, of 
nickel obtained. 

The metallic nickel obtained in this way had the following 
composition : — 



I. 

n. 

m ... . 

. . . 96-29 

96-17 

Cm ... . 

... 0-41 

2-17 

Fe . . . . 

. . . 0-98 

0-45 
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The coamie oofq^ obtained from the ireaidiiefl contaiidiijiif 
<from the solution of the precipitates in hydroohlorio add) had %e 
following composition 



Nt 

i*^ 

Co. 

The middle disc of the hearth 

0*09 


98*82 

The lower disc of the hearth 

0*44 

0-80 

00*06 


Qenth made the observation that the small crystals that 
form on the upper discs in the hearth dmdng the refining consist of 
nickel monoxide. 

At the Victoria Works in Silesia^ the concentrated nickel matte 
was dead roastedi then part of the copper oxide leached out 
with warm dilute sulphuric aoidi and then the residue, washed, dried, 
ground fine and roa8te<k was reduced to a copper-nickel alloy con- 
taining 80 per cent, of niekeL Any nickel in the sulphuric acid 
solution was thrown down by ck^pper oxide, and the solution was 
used to produce blue vitriol. 

At Schneeberg, in Saxony, hydrochloric acid was used, instead of 
sulphuric, to dissolve copper oxide and sulphate out of the roasted 
matte. The method of working up the residue was the same as at 
the Victoria Works 

At the Christofle Works at St. Denis,® the matte obtained by 
smelting gamierite with gypsum was ground, roasted repeatedly 
in long-bedded calciners about 33 ft. long, and then treated with 
hydrochloric acid in stoneware vessels holding about 19 gallons, 
standing in water. The action was increased by heating this water 
by steam. The solution was poured into wooden vessels. In these 
iron was first oxidised, then precipitated by calcium carbonate. Air 
was blown through to help the action, and served also to agitate 
the whole mass. It was poured into wooden vessels in which the 
precipitate settled, and then the clear liquid was drawn off into 
other vessels in which nickel was precipitated by milk of lime. 
The hydrate was dried, washed, dried again, and then reduced to 
metal. 


2. EXTRACTION OF NICKEL FROM SPEISS 

The speiss is roasted dead, and then treated in the same way as 
dead roasted matte. In this roasting carbonaceous matter is mixed 
with the material to ensure the removal of arsenic. 


1 Berg, und HtUt. Ztg,, 1877, p. 300; 1878, p. 045. 
* Knab, MetaUvrgie, p. 580, 
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At the George Works at Dobschau, in Hiugaiy,^ speiss of the 
composition : — 


Ni . . . 

. . 8T percent. 

Co . . . 

. . 18 „ 

Cu . . . 

. . 2 „ 

Fe . . . 

. . 9 

As . . . 

. . 38 „ 


S 1 „ 

was stamped, and then roasted in wood fired reverberatory furnaces in 
quantities of 6 cwt. The time of roasting was 12 to 14 hours. At 
the end of this time 65 to 90 lbs. of sawdust or coal dust were added 
to the roasted product, which reduced the arsenic acid formed to 
arsenious acid and arsenic. The latter bums again to trioxide. The 
roasted product was then treated with sulphuric acid. From the 
liquid thus obtained, iron and part of the copper were precipitated 
by boiling with calcium carbonate. Cobalt sesquioxide was then 
thrown down by chloride of lime, and nickel hydrate by milk of lime. 
These oxides are dried, washed with acidified water, ground, and sold 
to the smelting works in Saxony. 

At Saint Benoit, near Liege,^ speiss containing 45 per cent, of 
nickel was treated with concentrated hydrochloric acid at 80°C. 
Iron was precipitated from the solution in the usual way, and then 
copper by calcium sulphide. Next cobalt was precipitated by chloride 
of lime, and lastly nickel by milk of lime. 

Dixon,* whose process has not yet come into general use, smelts 
garnierite with the addition of arsenical materials into a speiss, which 
is then dead roasted, and treated with hydrochloric acid. Into this 
solution chlorine is led to oxidise the iron, and the latter precipitated 
by the careful addition of nickel monoxide. Then cobalt is obtained 
as sesquioxide by leading more chlorine through the liquid, and 
adding more nickel monoxide. The solution containing the nickel 
combined with chlorine is evaporated. The solid mass obtained is 
converted into nickel monoxide by strongly heating in a current of 
steam, or into metallic nickel by heating in a current of hydrogen. 
A little nickel precipitates with the cobalt sesquioxide, and is to be 
removed by leaching it with dilute hydrochloric acid. 

At the works in Birmingham, England,^ the completely roasted 
speiss is treated vrith hydrochloric acid. Iron is first oxidised, then 

* undffiitt. Ztg,, 1878, p. 229. * Loc. cit. 

* Jierg. und Hull, Ztg,, 1879, p. 895. 

** Phillips, ElemerUa of Metallurgy, p. 415. 
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precipitated as arseniate by neutralising the solution and wanning 
it; the methods of this oxidation and this neutralisation are not 
mentioned. Copper is then thrown down by sulphuretted hyvlrogen. 
Finally the usual precipitants are used for cobalt and nickel. 

3. EXTRACTION OF NICKEL FROM SLAGS 

In the dry method, slags containing nickel arc added to the charge 
in the smelting of ores and mattea. 

If such slags are obtained as by>produot)s in tht smelting of 
copper they can be directly treated in the wet nay, or can also be 
smelted into a oopper-nickel alloy, which can bo solgected to wet 
treatment. The treatment of ike slags can kn earned en in tke same 
way aa has been dseetibtd isr sflicate of nickel and magnesium. 

In Mansfeld^ the stags containing nickel from the refining of 
copper were smelted in a blast furnace into black copper. This 
was granulated, refined, and then treated with dilute sulphuric acid 
in the presence of air. The solution was fractionally crystallised ; 
copper sulphate separated first, and after it had been removed the 
liquor was evaporated to a certain pomt, when a mixture ot the 
sulphates of iron and copper crystallised out. Further concentration 
and crystallisation yielded a mixture of copper and nickel sulphates. 
(Accoi^ng to von Hauer, if there is excess of copper sulphate in the 
solution, this salt will first crystallise out pure, and afterwards a copper- 
nickel-cobalt sulphate of the formula CuSO^-|-(CoNi)S 04 -|- 2 lH 20 . 
If there is excess of either nickel or cobalt sulphate or of both, this 
compound will ciy^stallise out first, and the excess of these two 
sulphates will remain in the mother liquor.) 

The copper-nickel sulphate, if free from iron, was heated in a 
roasting furnace to remove sulphufic acid. The residue, consisting 
of oxides, was leached with water and dried, and then reduced in 
a Sefstrom furnace to an alloy with 40 — 68 per cent, of Cu, 
30 — 69 per cent, of Ni, I’l to 1*8 per cent, of Co, 0*5 to 1*3 per 
cent, of Fe, and 0*07 to 0*34 per cent, of S. This was melted on a 
refining hearth of graphite, with two tuyeres, and taken off in discs. 

Herter^ has proposed to heat a complex sulphate, such as the 
above, but containing iron, in a reverberatory fiimace, and to treat the 
mixture of oxides so obtained with dilute sulphuric acid, which will 
dissolve nickel and copper, but not iron. From the solution coppe 

1 Btrg, and HtUt. Zty,, 1859, p. 371 ; 1860, p. 501 ; 1861, p. 67 ; 1862, p. 160; 
1846, p. 58 ; 1865, pp. 140, 386. 

* lierggeidt, 1865, No. 20. 
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fiM| ttMiGBl AE8 to be precipitated by eoda, the reealting baiio 
bpetiei heated to form oxides, and the latter reduced. 


Ill Extbacthon of Nickel by Electrolysis 


Veiy few communications on this point have been made public. 
Extraction of nickel from ores by electrolysis seems up till now to 
have been performed only experimentally, but the method has been 
used for metallurgical products, particularly upon alloys of copper 
and nickel 

If ores are to be worked, they must be dissolved outside the 
electric circuit, as they are such bad conductors. 

High potentials are necessary to deposit nickel from solution, and 
these will cause most other metals to be precipitated. It is therefore 
veiy difficult to obtain a thick deposit of nickel. Whilst thin deposits 
of nickel are unexceptionable, a brittle crumbling metal is obtained 
as the thickness of the deposit is increased. The strength of current 
for thick deposits of nickel is shown by the results of experiment to 
be between 3*5 and 8*5 amperes per square foot, with a potential of 
3 to 6 volts, according to the nature of the liquid. According to 
Borchers,^ in using the salts of cresol-sulphonic acid and insoluble 
anodes, 5*5 ampires per square foot, and 2 to 2} volts are necessary. 
The metal thrown down from such a solution is 0*012 to 0*016 in. thick, 
brittle and unsightly. According to Brand, ^ to deposit nickel from 
a solution of the sulphate saturated with ammonia, with a carbon 
anode, a potential of 2*4 volts, and a current of 2*8 amperes per square 
foot is necessary. The same potential is necessary if an iron anode 
18 used instead. A current of 1 ampere separates 16*83 grains of 
nickel in an hour. To separate 1 kg. nickel in an hour, 914*9 umpires 
would be necessary. The energy necessary for this is 

24 X 914*9 Watts = ^ taking into 

account a 12 per cent, loss of energy in the conversion of mechanical 
work into electricity, and a 25 per cent, loss in the current (through 
waste heat, bad connections, &a), 


^99 

“0*88 X 0*75 


= 4*48 h.p. 


At the rate of 2 kg. of coal for 1 h.p. per hour, 9 kg. coal will 
be necessary to deposit 1 kg. nickel from the solution described. 


' EldstrwnekUlurgiei p. lOS. 

3 Damxner, Chem, TeehtudoffU, voL ii., p. 27. 



NIOEBL 


m 


As is stated on page S09» the loss of energy in the latest siginei 
is considerably less than the above. The consumption ef coal fisr 
one horse^power can be reduced in the newest steam engiiies to 
between 1 and 1*5 kg. « 

Refining of nickel by means of an electric current, as is dcme 
with coarse copper with excellent results, is not easily preetieable 
because the strength of current mentioned as neoessary to dsfiosjt. 
nickel, deposits also the other metals from which it & telepsswted. 
If nickel is to be separated from its alloys with copper, it is the 
copper which is deposited from an acidified elseiirolyte on the eathode^ 
while the nickel passes into solution^ because copper is deposited by 
a weaker cunrent than niokel. After purifying the solnticm from othei 
metals, especially iron, which may be precipitated by various reagents, 
nickel is deposited from the solution by the use of insoluble an^es. 
Solutions from which nicdcel is to be deposited must be alkaline. 
Dr. BSttger ^ has employed the double sulphate of nickel and am- 
monium as electrolyte, and investigated, in a series of researches, the 
conditions under which nickel will be deposited as a lustrous white 
metal. By the use of such electroijrtes metals can be covered with a 
firmly adherent coat of nickel, but it is not possible to obtain it in 
a thicker deposit. 

The extraction of nickel from its ores was practised at the Editha 
Smalt Works in Silesia. Nickel was deposited by a current from 
an ammoniacal solution containing caustic soda. 

Extraction of nickel from smelting products was proposed by 
Andr^ in 1877.^ The substances containing nickel, — matte, speiss, 
or alloys, — were to be cast into anode plates, and suspended in 
dilute sulphuric acid. For the cathodes copper or carbon plates were 
suggested. The current should be so regulated that only the copper 
in these substances separated out on the cathodes, while nickel dis- 
solved in the eleotrolyte. To remove the last portions of copper from 
this, a carbon anode should be introduced after the disappearaaoe of 
the original one. Thus the last of the copper is deposit^ from the 
acid solution, which now should oontain only nickel sulphate with 
some iron sulphate. 

To remove the iron the solution should be made ammoniacal, 
and evaporated down in leaden pans in a current of air, so that the 
ironmay be precipitated as ferric hydrate. The liquid filtered from this 
(ionsists of nickel sulphate only, and may be wenrked up for the crys- 
tallised salt, or the monoxide, or metallic niokei. The last may be 

^ Jwim,fdr Praet. Cfhmie, roh xzx., p. 267. 

* Qtrtnsn Pstsnt, Jfo, 0048, Nor. 1, 1877. 
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by predpitating the hydmte or oaibonate, and tedadng 
ae had been already deacribed, under wet treatment, or the eleotrio 
•euneat may again be used. In the last case the solution is made 
ammoniacal. Carbon or nickel plates, or copper plates covered with 
graphite are to be used as cathodes. Iron or zinc plates are re- 
commended as anodes, so as to avoid polarisation. 

It should be noticed, however, that iron or zinc is not adapted for 
the anode. The iron plates are quickly covered with oxide, and are 
not depolarisers in that condition. Zinc continues to depolarise 
because it dissolves, but then it is present in the solution, and is 
deposited on the cathode with nickel. Under these conditions it will, 
without doubt, be found necessary to use carbon for the anodes. 
Borchers recommends as depolariser the cresol already referred to 
under the electrolysis of zinc solutions. The author is not "aware 
which means of depolarising is now in most common use in the 
electrolysis of nickel solutions. 

Stahl ^ proposes a similar method for extracting nickel from coarse 
copper. This is melted in a reverberatory furnace, the hearth of 
which is of basic material, and oxidised to get rid of iron and arsenic, 
until nickel begins to pass into the slag. Then it is poled and cast 
into anode plates. These are to be subjected to electrolysis in order to 
separate the copper, sulphuric acid being the electrolyte, and sheets 
of copper the cathodes. The current is regulated so that only copper 
is deposited on the cathode from the acid solution, whereas nickel, 
iron and small quantities of arsenic pass into the solution, while 
silver, lead, antimonic acid, antimony oxide, arsenic acid and copper 
sulphide form a thick mud, which falls to the bottom of the liquid. 
The separation of the last portions of copper from the solution is 
performed with carbon anodes as in Andrd’s process. Fresh anodes 
may also be inserted as required in order to obtain by itself the 
copper which is rendered impure by iimultaneously deposited 
arsenic. 

Chloride of lime is next added to the warm solution containing 
iron and nickel, to convert iron into ferric sulphate ; and then slight 
excess of soda is added to the acid solution, and this is heated until 
the whole of the iron is thrown down as basic ferric sulphate. This 
precipitate is removed by filter presses, and the liquid used to make 
nickel sulphate, monoxide or metal. If metal is to be deposited by 
electrolysis, the solution is made ammoniacal ; dense carbon fbrms 
the anode, a sheet of nickel or a sheet of copper, covered with 
graphite, the cathode. 

^ Btrg, tmd ISOl, p. 270. 
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If nickel monoxide is to be produced from the oopper^nickel 
alloy, the copper is still deposited by electrolysis in the way de« 
scribed, and nickel dissolved. Then the monoxide is obtained just 
as in the wet treatment. 

Hoep&er^ proposes to obtain from the material containing nickel 
as produced by the above wet treatment, a pure neutral solution of 
nickel ; to acidify this with a weak, badly conducting oxy-acid (such 
as citric or phosphoric acid), and then to electrolyse w^ an insotuble 
anode. The anodes dip into cells iilljd with a solution of the 
chloride of an electropositive metal. Vertically rotating or oscil- 
lating discs of metal are used as oatbodea li)o deposition of 
spongy material is prevented by movable brushes or rubbers. The 
electroljrte is kept in oonstant motion by pumps. 

Instead of insoluble anodes, soluble or partially soluble ones may 
be used. The material for such can only be of metals which an* 
more electropositive than nickel (such zinc), and will not be 
deposited with the mckel. (These methods are proposed also foi 
the extraction of cobalt, zinc, lead, tin and copper.) 

The writer is not yet acquainted with any case of actual employ- 
ment of the process. 

A process has been suggested by the firm Basse and Selve in 
Altena,^ which consists first in adding certain organic bodies to 
neutral or slightly acid solutions containing nickel, cobalt, iron and 
zme, such as will prevent the precipitation of their oxides by 
alkalies. Such are acetic acid, citric acid, glycerine and dextrose. 
Then the solution is made alkaline by soda or potash lye, and sub- 
jected to electrolysis with a current of 2'8 to 9.3 amperes per square 
foot. Then iron, cobalt and zinc are deposited on the cathode, 
while nickel either remains entirely in the liquid or comes down 
partly as hydrate, according to the strength of the alkaline solu- 
tion. The precipitation of the hydrate occurs if the current is 
continued for long. The solution then contains nickel free from the 
other metals, and ammonium carbonate is added to it in such a 
quantity as to form carbonate of all the free alkali ; then it is sub- 
jected to electrolysis. Nickel is deposited on the cathode with a 
bright sur&ce. 

Nothing is known as to the practical introduction of this process. 
There is a process at the works at Balbaoh, near Newark, for produc- 
ing nickel salts from Canadian smelting products, but it is kept 
secret. 

1 EngUsh PstMit,No. 18,d86,of 1888. 

> Gsnnui Patent, No. 64,251. 
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lY. Refining of Coarse Nickel 

Although formerly coarse nickel contained only 60 to 90 per 
cent, of pure nickel, at the present time a metal can be obtained from 
the most diverse ores with 98 to 99 per o^nt. of pure nickel, and 
containing only very small quantities of impurities— cobalt, copper,, 
iron, zinc, sulphur, arsenic, silicon, carbon, magnesium 

The composition of one of the earlier samples of coarse nickel is 
shown by the following analyses : — 



Josohlmsthal 

KlefVR 

Schladmlng 

Ni 

por cent. 

. . . 80-5— 71*4 

per oent. 
88*0—90 

per oent. 
86*7—88 

Cu 

. . . trace— 18*9 

1*3— 0*2 

1*8— 1*9 

Fe 

. . . 0*2— 1*3 

0*2— 0*4 

1*8— 1*9 

Co 

. . . 0*9—12*0 

5*5—11*2 

6*8— 7^4 

As 

. . 0*0- 0*6 

— 

0*7— 0*8 

Na 

... — 

0*9— 0*2 



8 

. . . trace — 0*1 

0*7— 1*4 


SiO, 

. . . 0*0- 3*6 

0*7— 0*9 

0*0— 1*0 

Residue . . 

. . . 0 *6— 1*6 

— 

0*0— 0*8 


Two of the later samples of coarse nickel are composed as 
follows : — 

rnerlohn New Caledonia 

per cent. per cent. 


Ni 99*6 0-98 

(Ju 0*2 — 

Fe 0-2 — 

C 0*3 0-13 

Si — 0-50 

Mn — 1-63 


The separation of impurities has already been attempted in the 
production of coarse nickel, by obtaining a nickel monoxide as pure 
as possible. The removal of impurities at a later stage by smelting 
the coarse nickel with oxidation is only possible when they are 
more easily acted on by the oxygen of the air than nickel is (such as 
silicon, carbon and iron). Thus the processes of Wharton in 
Philadelphia, and of von BischofF in Pfannenstiel, aim at removing 
carbon and silicon by a sort of puddling process. At the metal- 
ware manufactoiy of Bemdorf near Vienna, carbon is removed 
by soaking cub^ of nickel, reduced at a moderate heat, in a 
4 per cent, solution of alkaline manganate or pennanganate,^ and 
then fusing at a high temperature. A metal capable of being 
hammered and rolled is obtained. Gamier* removed iron from 
coarse nickel containing large quantities of it^-Hiaob as is obtained 
by the direct smelting of gamierite — ^by fusion in a Siemens furnace 
with quartz as a flux. He has also suggested a reverberatory’ furnace 

' Gennsa Pteteat, No. 28989. 

* Bturg. and HUB, 1878, p. 245 ; 1879, p. 187. 
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with a bed of powdered limestone.^ In this method carbon dioxide 
is set free and serves as an agitator, and sulphur is said to be re- 
moved from the nickel by the excess of lime and coal. Since the 
working of the New Caledonian ores into a matte, thes9 methods, 
which seem hardly to have passed the experimental stage, have 
fallen into disuse. 

At present the object always is to work up coarse nickel obtained 
by the processes described, into a compact malleable inetallic niolceL 
Pure nickel oxide is worked so as to give the sam«» product, after 
reduction. The method consists in ftising the metal m cruoibleB^ 
and removing from th)r) molten mass, by selected fluxes, nickel mon- 
oxide, carbon monoxide, and nickel cyanide. 

Nickel monoxide dissolves in molten niikel just as ferrous and 
cuprous oxides in theii canesponding metals. It makes the nickel 
brittle. 

Carbon monoxide is readily absorbed by molten nickel, makes 
the metal spongy. 

Cyanide of nickel, which, according to Fleitmann, may be formed 
in the molten metal, makes it brittle. 

Of the methods described below for the removal of these injurious 
impurities, the one suggested % Fleitmann of adding magnesium 
has proved the most effective. 

By the addition of magnesium to the molten metal, nickel monox- 
ide and carbon monoxide are reduced to nickel and carbon respectively. 
Nickel cyanide is decomposed, nickel being set free and volatile 
magnesium cyanide formed. 

To refine the nickel it is fused in crucibles of graphite, lined with 
burnt fire-clay ; these hold between 38 and 90 lbs. of nickel. The 
same sort of crucible is used for the production of pure nickel from 
pure nickel oxide. The graphite crucibles used in the Orford Works 
are 18 inches high and 14 inches wide at the top, and hold about 
80 lbs. of monoxide with 16 per cent, of coal for reduction. 

It is not advisable to add fluxes in fusing nickel, for they attack 
the crucibles strongly. 

At the Westphalian Works ^ the crucibles, when fllled with coarse 
nickel, are first heated in a wind furnace with coke fuel, and then 
placed in a furnace built on the Se&trom principle, urged by an 
air-blast. Each of these latter furnaces takes only one crucible. 

After the nickel is melted, which is said to take about an hour 
and a half, a small quantity of magnesium is added, and the metal 

^ 8iaM wnd Eiaen, 1663, p. 618. * OeMerr, ZtUtehiifi, 1394, p. 828. 

VOL. II. Q 9 
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The loagULMum is kept immersed by the helj» of bar 
of pime lubkel or fire-clay. 

Ileitmaim^ the discoverer of the pui;ifyiiig action of mafoesium, 
added at first ^ per cent of maj[nesium to produce ductile castings, ^ 
but afterwards he diminished this quantity by using magnesium 
alloys instead of magnesium, especially the alloy with nickel. When 
zinc is present in the metal to be purified, to the extent of 4 or 5 per 
cent, the least addition of magnesium is necessary. Such nickel 
may be formed by the reduction of the oxides of zinc and nickel 
intimately mixed. With this ^ per cent of magnesium is enough ; 
it makes the metal very ductile, and also gives it the power of 
being welded to itself, or to iron and steel. In consequence of 
this property it can be made into nickel plated sheets 0*004 inch 
thick. 

The quantity of magnesium can be still further reduced if 
reducing gases, such as hydrocarbons, hydrogen, or carbon monoxide, 
are first blown through the molten metal. 

In the following analyses by Enorre and Pufahl may be seen the 
composition of three kinds of nickel before and after the addition of 
magnesium. These were melted at the works of Basse and Selve in 
Altena, in graphite crucibles lined with fire-clay, each containing 
about 70 lbs. About oz. of magnesium was added to each pot ; 
the nickel obtained could be forged. 


COMFOSITIOM OF ORIGINAL SAMPLES. 



1 

11 

HI 

Nickel . . . 

97-87 

97*90 

98*21 

Cobalt 

1*45 

1*25 

1*19 

Iron 

. . . 0*46 

0.60 

0*25 

Copper .... 
Silicon 

. 0*10 
. . . 0*19 

0*07 

0*07 

Silica 

. . . — 

0*19 

0*24 

Carbon . . 

. . trace 

trace 

trace 

Sulphur .... 

. . 0*05 

— 

trace 


100*11 

99*91 

99*86 

Composition 

AFTER Addition of Magnesium. 


I. 

II. 

III 

Nickel 

. . 98*24 

97*76 

98*38 

Cobalt 

. . 1*09 

1*33 

1*04 

Iron 

. . 0 *86 

0*60 

0*82 

Copper .... 

. . 0*10 

0*09 

0*07 

Silicon 

. . 0*06 

0*10 

0-07 

Magnesium . . . 

. . 0*11 

0*11 • 

0*12 


99*96 

99*90 

100*00 


Instead of magnesium there are other substances that can be 
1 German Patents, Nos. 0866, 7569, 9405, 18,804, 14,172, 28,600, 28,460, 28,924. 
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employed to remove the same injuriotte in /MiekeU but 

all eeem to have been entirely surpaaw^ by magsmutn. ijaoD|get 
these are black flux and coal, aluminium, oaloiutn, oeleiam-imo, 
manganese, phosphorus, potassium ferrocyanide, and ferrous cyanide. 

At the Bemdorf Works, black flux and coal dbere used at one 
time. The vapour of potassium seems to be set free and to act as a 
reducing a^nt. ^ 

Aluminium appears to be less active than magresiUAi^ Calcium 
and calcium-zinc should act energetically, but are mete exponskre 
than magnesium. 

Manganese, suggested as a purifler by Oamier in 1876 serms to 
have been thought ^ell of at the works of H. Wiggin and Co., in 
Birmingham, where it was added in quantities of to 3 parts to 
100 of the metal before casting; an addition of more than 5 per cent. 
IS said to make nickel hard. Manganese peroxide can also be mixed 
with the nickel oxide before reducing. At the Basse and Selve 
Works about 2} to 3 per cent, of the peroxide is said to be added to 
the nickel oxide before it is made into cubea^ Thus manganese 
peroxide is reduced to metal in the subsequent reduction The 
metal combines with oxygen and will be separated in the slag. 

Fleitmann ® uses manganese to separate sulphur from nickel 
Coarse nickel or the monoxide is melted with coal m a cupola furnace 
and then the liquid metal run into a Bessemer converter. To this 
is added manganese or a manganese alloy, by which the sulphur is 
carried into a slag. After this has been removed from the surface of 
the molten mass, air is blown through to oxidise carbon, man- 
ganese and iron. After the carbon has burned out, a mixture of air 
and oxygen, or oxygen alone, is blown in, so as to increase the tem- 
perature of the whole and ensure the complete combustion of the iron. 
Finally the excess of oxygen now present in the liquid metal is 
said to be removed by a fresh addition of manganese-nickel, or by 
powdered charcoal, or by gaseous reducing agents, carbon monoxide, 
a hydrocarbon or hydrogen. 

Nickel obtained by these means is said to be vexy good for rolling 
and hammering. 

Phosphorus was tried as early as 1855 by Buolz and Fontenay. 
It had the power of combining with more oxygen, weight for 
weight, than any bf the other agenta It has alro, according to 
Gamier, the property of increasing the hardness of nickel at the 
expense of its malleability, if more than the three-thousandth part is 

1 Oennui Patent, Ko. 25,798« 

* German Patent. Na 7S,248, 20 July. 1892. 
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present Gamier, therefore, has adopted a phosphor-nickel with about 
6 percent phosphorus. He prepares this alloy by fusing a mixture 
of nickel, coal, calcium phosphate, and silica. 

According to Manhes,^ sulphur is removed fix>m coarse nickel 
by smelting it in a regenerative reverberatory furnace, with a 
mixture of lime and calcium chloride or chloride of lime, on a 
hearth with a basic lining. This mixture must be laid in a &irly 
deep layer on the hearth, and on top of it the metal to be refined, in 
granulated form, and mixed with lime and the chloride of calcium 
or chloride of lime. At a sufficiently high temperature part of the 
sulphur passes off as dioxide and the rest goes into the slag as basic 
sulphide. 

According to Wedding the addition of magnesium is necessary 
for a compact forgeable metal. 

Compact metal may be also obtained if the monoxide is mixed 
with powdered charcoal, heated to the reduction point in graphite 
crucibles, and then fused. 

Molten nickel is poured into cast-iron moulds. If it is to be used 
in making alloys, it is granulated by pouring it into water. 


' German Patent, No. 77,427, 21 Jan., 1894. 



CX)BALT 

Physical Pbopertuh 

Cobalt postiesaes a reddiah-groy colour and considerable lustre : 
it is ductile at a red-heat, but at ordinary temperatures it is hard 
and brittle, and is suitable t<a the manu&cturo of cutting tools, on 
account of its hardness. It has a granular fracture. Its specifie 
gravity is said to be between 8'5 and 8*9; that of the metal 
reduced by hydrogen is 8'957, according to Bammelsbetg. It is 
magnetic, melts between 1600° and 2000° C., and cannot be volatil- 
ised. Begnault gives the specific heat as 010696. 

The Chemical Fboperties of Cobalt and of its most 
Important Compounds 

Massive cobalt does not change in either damp or dty air, but the 
metal which has been reduced in hydrogen at the lowest possible 
temperature, or that which has been prepared at a low temperature 
from the oxalate, is pyrophoric. On heating cobalt in oxygen it 
bums with a red light forming the oxide : at a red heat it decom- 
poses water. 

It dissolves slowly in hydrochloric and sulphuric acids with 
liberation of hydrogen, and easily in hot dilute nitric acid, forming 
in each case a solution of the corresponding cobaltous salt. It 
absorbs carbon when heated with it; combines directly with sulphur, 
the halogens, phosphorus, arsenic, antimony and silicon ; can be pre- 
cipitated by the electric current from its solutions, and in other 
respects resembles nickel very closely in its properties. 

Oxides 

It forms three oxides : — Cobaltous oxide GoO, eobaltoso-cobaltio 
oxide, C<^ 04 , and cobaltic oxide, GoiOjp all of which are black, and can 
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be reduced to metal by carbon or hydrogen at a high temperature. 
Cobaltic oxide combines with water to form a dark-brown powder, 
the hydrate Co(OH)q, which when heated passes successively into 
CogOg, Cog 04 , and CoO. The principal salts of cobalt are those 
derived from cobaltous oxide. ' 

CoBALTOus Sulphide, CoS, 

is obtained as a blackish-brown precipitate when aqueous solutions 
of cobaltous salts are treated with on alkaline sulphide. This pre- 
cipitate is insoluble in dilute hydrochloric acid. 

Cobaltous Sulphate, C0SO4+7H8O, 

fonns a soluble double salt with ammonium sulphate which, like the 
corresponding nickel salt, serves for the electrol 3 rtic deposition of 
the metal. 

Potassium nitrite when added to solutions of cobaltous salts 
precipitates potamum-colmltoayy-nUritey KNOCo 2 (N 02 )e, as a yellow 
crystalline powder. 

The so-called cobaltamincs are compounds of cobaltic chloride 
with varying amounts of ammonia, and are formed by the oxidation 
of ammoniacal solutions of cobaltous chloride. Boseocobaltous chloride, 
Co2Clg.l0NH34-2H2O; Puipureo-cobaltous chloride, CojClg-lONKg ; 
Luteocobaltous chloride, Co 2 Clg.l 2 NHg are some of these bodies. 
When heated, they are all converted into pure metallic cobalt, and 
have been proposed for its manu&cture. 

Cobalt Ores 

The ores of cobalt which serve for the production of the oxide 
or smalt are speiss-cobalt^ cdbaltine, edbaU-pyrUea and earthy cobalt. 
The other minerals in which cobalt occurs possess a mineralogical 
rather than a metallurgical interest. 

Speiae-cohaXt, moXtim, or tin white cobalt, CoAsg, which, when 
pure, contains 28*2 per cent, of cobalt, occurs in Saxony at Freiberg, 
Schneeberg and Annaberg; in Prussia at Biechelsdorf ; in Bohemia 
at Joachimsthal ; in Hungary at Dobschau ; at Tunaberg in Sweden; 
at Allemont in France ; in Cornwall, and in the State of Missouri, 
U.S.A. 

OdbaUine, bright white cobalt or cohalt glaftee, CoAsS, contains 
when pure 36*5 per cent, of cobalt, but usually a portion of the 
cobalt is replaced by nickel and iron. It is found at the following 



C30BALT 


m 


places : — ^In Sweden at Tunaberg, Biddar-hyttan, Gladhammar and 
Vena near Annaberg; in Norway at Skutterud; in England at 
Botallack, Cornwall ; in Germany at Qnerbaoh (Silesia), and Siegen 
(Westphalia); in Russia at Daschkesan (Caucasus), al the latter 
place it occurs in felsite porphyry and is free from nickel. 

Earthy cobalt, atbolom or woul, is a mixture of varying quantities 
of cobaltous oxide, with manganese peroxide, and fbrric hydrate. 
The proportion of cobalt varies from 2 to 20 per cent. It occurs in 
small quantities on the outcrop of cobalt ore deposits* Extensive 
deposits of it have been disoeyerod in New Caledonia, and contain 
from 3 to 5 per cent, of co|»alt. It also occurs at Asturias in Spain, 
and then* contains 15 per oent. of the metal. 

Other cobalt minerals which deserve mention, although, on ac- 
count of their comparative rarity, they do not form the basis for a 
separate process of extraction, are * — UmcMCy C 03 S 4 , which often con- 
tains more nickel than cobalt and is then known by the name echalt 
aiekel pyrileB ; it occurs in Sweden; at MUssen near Siegen; at the 
Motte mine in the State of Missouri: — cobalt bloom or crythrinc, 
CogAsgOg-i-ftHgO, which occurs in the outcrop of cobalt ore deposits, 
usually those of arsenical ores ; it is found at Schneeberg, Saalfcld, 
Riechelsdorf, Siegen, Cornwall and Cumberland: — cobalt vitriol or 
CoS 044 - 7 H 20 , which occurs at Bieber in Hesse. Cobalt 
(»res are nearly always found with nickel ores; the metal is found 
with nickel and iron in meteorites. 

Metallurgical Products Containing Cobalt which are used 

AS SOURCES OF SmALT AND COBALT MaTTE 

These are matte, speiss and slag. The cobalt which exists in small 
quantities in a great variety of ores, especially in those of nickel, is 
collected into speiss or matte, and has to be extracted from these in 
the metallic form. The amount of cobalt in the matte or speiss is 
always very small. Cobalt is also found in slags from matte con- 
taining cobalt and nickel, when these are treated by oxidation 
processes. 

The Extraction of Cobalt and Cobalt Compounds 

Metallic cobalt has had a very limited technical application up 
to the present time, and is produced only in small quantities and 
by methods exactly similar to those in use for the production of 
nickel, viz., by the reduction of cobaltous oxide CoO, or cobaltie 
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oxide, C01O3. Cobalt ores, however, are used in very large quantities 
for the px^uction of a silicate of oobaltous oxide and alkalies, 
which possesses an intense blue colour, and is used as a pigment. 
(Silicate of cobalt itself is an exceedingly strong colouring agent, 
surpassed only by gold. A proportion of one-tenth per cent, in glass 
gives it a deep blue colour.) Other cobalt pigments are produced 
in smaller quantities; such are the phosphate, the arseniate (known 
as Ttd oanide of cdbaU), cobalt bronze, which is a double phosphate of 
cobalt and ammonium, cobalt ultramarine, or ThmarcFs blue, which 
is an intimate molecular mixture of alumina with different oxides of 
cobalt, Rinmann *8 green, and others. 

Up to the present time metallic cobalt has been prepared only by 
wet methods. The metal is precipitated from solution as the sesqui- 
oxide CojOj, which is afterwards r^uced by charcoal. The production 
of the metal entirely by dry methods has not yet proved practicable 
on account of the impurities of the ores or metallurgical products 
employed. Nor does it appear that any one has yet produced it in 
compact form by electrolytic means, although electrolytic coatings of 
the metal have been obtained on other metals and alloys. All that 
has been said before about the electro-metallurgy of nickel applies 
ecjually to cobalt. 

For the reasons given above the extraction of cobalt is more 
frequently carried on in chemical works than in smelting houses, 
and the methods employed are largely kept secret, as in the case of 
nickel. 

A diy direct process for the treatment of rich cobalt ores is used 
for the production of smalt, and also to a smaller extent for the 
preparation of cobalt farseniate. Other cobalt compounds are pre- 
pared in chemical works from cobaltic oxide or from salts of cobalt 
by means of wet methods. 

We therefore have to distinguish ; — 

(1) The extraction of cobalt oxide, CojOg, and metallic cobalt. 

(2) The production of smalt, 

1. The Extraction of Cobalt Oxide and Metallic Cobalt 

A. THE EXTRACTION OF COBALT OXIDE 

Pure cobalt oxide in quantity has as yet been prepared only by 
wet methods, either from ores or from furnace products. The oxide 
resulting from roasting ore, speiss or matte which contains sulphur 
or arsenic, or both, is always too impure, and requires to be dissolved 
in order to remove impurities and to obtain a pure product. It has 
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been proposed ^ to produce from sulphuretted ores a matte free from 
iron, and containing only sulphur and nickel besides the cobalt : this 
matte was to be fused under a blast on a bed of quartz and seidium 
silicate in order to produce a silicate of cobalt, and this Mter was to 
be fused with soda and nitre in order to liberate the cobalt oxide. 
The method, however, does not appear to have come into use. 

The common methods for producing cobalt oxide from ores which 
but rarely contain any ingredients beside nickel, ironed (principally) 
copper, in addition to the cobalt, has already been described under 
nickel, for the wet methods for the extraction of nickol are usually 
preceded by a separation of cobalt in the form of sesquioxide. These 
will accordingly be found tinder nickel. 

The compounds containing sulphur, arsenic, sulpharsenides, Sec., 
are dead roasted in order to drive off sulphur and arsenic and 
convert the heavy metals into oxides. The same abject may bo 
attained by the more costly method of smelting the unroasted ore 
with soda and saltpetre, or with sulphur and soda-ash, or potash ; in 
this case arseniates and sulpharseniates, or sulphates of the alkali 
are formed, and may be removed by lixiviation, the heavy oxides 
being left behind. 

The oxides so obtained, or the ores where these already contain 
the metals us oxide, are treated with hydrochloric or sulphuric acids, 
which dissolve the cobalt, nickel, iron, copper, and other soluble 
oxides. Lead, copper and bismuth arc precipitated from the solution 
thus obtained by sulphuretted hydrogen or an alkaline sulphide, and 
the solution, when separated from the precipitated sulphides, is 
treated with the exact quantity of chloride of lime nc'cessary to 
convert the ferrous into ferric oxide, which latter is then thrown 
down by the addition of powdered chalk. 

(The bismuth could be thrown down from the hydrochloric acid 
solution by the addition of water, in the form of basic chloride, 
instead of being precipitated with the lead, copper, &c., by means of 
sulphuretted hydrogen.) 

The cobalt is precipitated from the liquid, after the iron has 
been removed, by the cautious addition of chloride of lime to the 
warmed solution. It is thrown down as sesquioxide, and unless care 
is taken to avoid excess some nickel comes down with it. The 
solution which remains after the cobalt has been separated yields 
nickel when treated as before described. Cobalt may also be pre- 
cipitated after the nickel. In this case soda is added to the boiling 

^ Miupnfet-Kerl, Handb. der Ttchn, Chem., 3rd ed., voL iii., p. 1988. Oraham- 
OUo, Chtmutry^ 1889, p. 91S. 
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solution, which precipitates nickel monoxide with a small amount of 
cobalt monoxide, while cobalt with a trifling quantity of nickel 
remains dissolved. It may now be precipitated as sesquioxide by 
adding more soda, or by chloride of lime. 

Another method for the separation of cobalt and nickel consists 
in first neutralising the concentrated solution with potash lye, then 
making it &intly acid with acetic acid, and treating it with potassium 
nitrite, which throws down cobalt as cobaltic-potassium nitrite, 
nickel remaining in solution. When the precipitate is ignited it is 
converted into cobalt sesquioxide. If lime is present, potassium 
nitrite is of no use for separation, for Erdmann finds that in that case 
a salt of nickel and calcium is also precipitated (K 2 CaNi(N 02 )e). 
Other alkaline salts have also been proposed for the purpose. 

Patera formerly employed bisulphate of potash, which throws 
down nickel completely as a difficultly soluble double salt containing 
a small quantity of the cobalt compound. 

According to Kunzel, bisulphate of ammonia is more suitable. 
The latter precipitates the nickel double salt when the solution 
is sufficiently concentrated, while the cobalt compound remains in 
solution. From this solution cobalt is precipitated as sulphide by 
ammonium sulphide, and this converted into sesquioxide by roasting. 

As instances of the recovery of the sesquioxide from smelting pro- 
ducts containing nickel and cobalt, we may take the process at the 
Scopello Works, already described under nickel (p. 581), and at 
the George Works at Dobschau (p. 586) ; and also the method at 
the Editha Smalt Works in Silesia, and at similar works at Ober- 
schlema in Saxony. 

Lundborg ^ describes the treatment at the Editha Smalt Works 
of ores containing earthy cobalt, with conoentrated hydrochloric acid 
in clay vessels, steam l^ing blown through. Iron is first thrown 
down from the solution by adding separate small portions of marble 
and keeping at a certain temperature. As soon as nickel begins to 
come down, the separation of iron is known to be complete. 

Soda is now added to the filtrate to precipitate nickel. When 
cobalt begins to come down, the liquid is filtered, and precipitation 
continued, a mixture of the two monoxides now Ming until all the 
nickel has separated. Lastly, pure cobalt monoxide may be thrown 
down from the final filtrate. The precipitate of mixed oxides is 
accumulated and redissolved, and the two separated similarly by 
fractional precipitation. 

The matte from the Sesia Works at Oberschlema, in Saxony, is 
^ Jem. CmU. AnneUent 1876, pt. 2.; Berg^ und HHU. JStg., 1877, p. 86. 
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similarly treated. It contains 16 per cent. Ni, 14 per cent. Co, 50 per 
cent. Cu, and 20 per cent. S. The powdered matte is roasted in a 
reverberatory furnace and treated with dilute sulphuric acid. The 
copper is first precipitated by iron, after which the remainder of the 
process is the same as that described above. Extraction of cobalt 
from roasted ores and smelting products, or from oxidised ores, by 
means of mineral acids, may be carried on if there are not SSany 
other substances present which will dissolve in the acid; it is 
especially important that the ores do not contain too ^nch soluble 
gangue ; otherwise, with a rather poor material originally, the duc- 
oessive filtrates will be so impure and contain so little cobalt that 
it will be barely, or not at all, worth while to work them up into 
the sesquioxida Fc^r the working of such mixtures methods have 
been proposed by Herrenschmidt and Stahl, which will now be 
shortly described. 

Herrenschmidt^s ^ method, already described under wet methods 
for nickel, is used at the Mal^tra Co.’s works at Petit Querilly, near 
Rouen ; it has for its object the working up of oxidised Cobalt ores, 
and especially one from New Caledonia, aft containing nickel, 

manganese and iron, mingled with clay. The average composition of 
this ore is : — ^ 

MnO . . 

CoO .... 

NiO. . . . 

Si(L. . . . 

FeA . . 

Al.O^ . . 

CaO . ... 

MgO ... . 

Loss by ignition 

The finely powdered ore is treated with ferrous sulphate 
solution, which deposits ferric oxide and brings cobalt, nickel and 
manganese into solution as sulphates. To facilitate solution the 
whole is agitated by a current of steam. (The green vitriol solution 
is made in the works by acting on cuttings of iron with sodium 
bisulphate solution and separating ferrous from sodium sulphate by 
crystallisation.) 

The solution amtaming the tJnee snlpliateB is separated from the 
residiie by a filter press, and treated with sodium sulphide in preci- 

^ Oemt civU, 1891, 18, 87S ; ifontf. Sekwtif. vol. vi., May, 1899 ; Berg, vmd H&tt. 
Ztg., 1892, p. 464 ; 1893, p. 1. > Berg, vnd Hm. Ztg., 1892, p. 464. 
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pitation vats, whereby the whole of the cobalt and nickel and a small 
portion of the manganese are precipitated. 

(The sodium sulphide is made in the works by treating the black 
residues of the Leblanc soda process with sodium sulphate and 
water and warming, when by double decomposition calcium sulphate 
separates and a solution of sodium sulphide is obtained.) 

The precipitate of metallic sulphides is separated by a filter press, 
and treated with solution of ferric chloride, which decomposes and 
dissolves manganese sulphide but does not act on the other two. 
A fairly pure I'esidue of nickel and cobalt sulphides is thus obtained, 
and a liquid containing manganic sulphate and manganous chloride 
with ferric and. ferrous sulphates and chlorides. This liquid after 
being separated may be treated with excess of chalk, and air blown 
through, which gives a precipitate of calcium manganite, that can 
be worked up with the Weldon mud in the manufiieture of chlorine. 

The two sulphides thus freed from manganese are dried and 
subjected to a careful roasting to convert them into sulphates. 
The latter are washed out by hot water, and treated with calcium 
chloride which forms thei* so|||))le chlorides, precipitating calcium 
sulphate. The filtered liquid has to be freed from the small amount 
of iron in it by copper oxide, and this copper thrown down by 
nickel monoxide. Then it is divided into two parts. From one 
cobalt and nickel are thrown down by lime as hydrates, the precipi- 
tate carefully washed and suspended in water, then treated with 
chlorine gas and air, which convert both hydrates into sesquioxides. 
The nickel sesquioxide so formed is now used to precipitate cobalt 
from the other half of the solution. For this purj)ose the precipi- 
tate of sesquioxides is added to the solution of the two chlorides 
and stirred about with the assistance of a current of steam. Nickel 
sesquioxide is reduced to monoxide and passes into solution, and the 
equivalent in cobalt sesquioxide is precipitated, with the original, 
which is not dissolved at all 

The whole cobalt is now precipitated as sesquioxide, the whole 
nickel dissolved as chloride. The latter may be thrown down from 
the liquid as monoxide by milk of lime. 

The cobalt sesquioxide is washed, pressed, dried, and ignited. 

When the nickel is precipitated the calcium chloride produced 
con be used in the process to act upon the sulphates (formed from 
sulphides by roasting). 

Nothing is known yet as to the economic results of this method. 
It seems to be most suitable to a Leblanc soda works, where chlorine 
is made by the Weldon process. 
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Stahl’s ^ method consists in a chlorinating of ores poor in cobalt 
with waste products and pyrites so as to form cobalt chloride ; then 
the soluble salts are wash^ out of the product, cobalt precipitated 
from the liquid as sulphide, and this conve(rted into aade. Stahl 
discovered that a chlorinating roasting completely acted on nickel 
and cobalt, giving chlorides, and on manganese to a great extent, 
while iron became oxidised ; (if the wash water is sli^ly acid it 
is impossible to prevent a little iron being dissolved)* Any soluble 
alkaline earths in the ores converted into sulphates by the 
roasting. Calcium and magnesium sulphate pass iMo the solu- 
tion with the chlorides of cobalt, nickel, copper and manganese, and 
also freshly formed alkaline sulplmtes and undeeomposed alkaline 
chlorides. (Calcium sulphate will be to a great extent thrown down 
by evaporating the wash liquor to a certain density.) 

Stahl treats the liquor in the following way. First copper 
sulphide is thrown down by sulphuretted hydrogen, and filtered off. 
The liquid is neutralised by soda, and sodium sulphide added to 
precipitate sulphides of cobalt, nickel, iron, manganese and any 
copper remaining. Manganese is the last to come down, and so may 
be nearly all left in the solution by carefully regulating the amount 
of the precipitant. 

To separate cobalt sulphide from the others, Stahl * treats them 
with a mixture of acetic and sulphurous acids until the reaction 
is slightly acid. Sulphurous acid decomposes any sulphuretted’ 
hydrogen produced and prevents its being noxious. The residue is 
separated by a filter press, roasted to convert the sulphides into 
oxides, and then treated with hot pure soda lye to decompose any 
sulphates remaining ; finally it is washed, dried, and ignited. 

Stahl tried this method on an ore of this composition : — 

Co . . . r02 per cent 

Ni . . . Trace 

As . . . 2*46 „ 

Cun 

Fe [ . . 0-63 

sj 

The ore was ground down to about 0'06 inch mesh, and placed in 
a long-bedded calciner; it was alternately oxidised and reduced 
during roastmg to get rid of arsenic. Reducing was effected by 

' Btrg, und HuU, Ztg.^ 1803, p. 2.; Oennan patent, No. 68,417. 

^ Additional patent, No. 66,266. 
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adding sawdust. The result, iree from arsenic, was subjected to 
cblorinatixig roasting in a special fumace (most likely a muffle 
frumace). For this purpose it was mixed with 15 per cent, of its 
weight of cthrauinsalz ^ (which is 95 per cent, alkaline chloride) and 
10 per cent, of its weight of pyrites free from zinc and nickel ; then 
it was roasted at a red heat until the cobalt is fully chlorinated. 
Stahl gives the following reactions : — 

8 FeSj+ 22O2 = 4 Fefif^+ IGSOj. 

12NaCl ■|-6S02+302+6H/)=6Nf4S04+12HCl ; 

2C03O4+ 12HC1 = 6C0CI3+ 6H3O + 0,. 

CojO^ 6NaCl + 3S02 “t“ O2 = 3C0CI2 “h 3Na2S04- 
6S02+302=6S08; 

2Co30,+12NaCl+6S08=6CoCl2+6Na2SO,+02; 

and so on. 

The product was washed, in lixiviating vats fitted with straw 
filters, four times with slightly acid water and then with pure water. 
This acid water was obtained by leading the gases from the roasting 
into condensation towers, where the acid porti6n was absorbed by 
water. The wash liquor contained 0*41 per cent. Co and Ni, 0*075 Cu, 
traces of iron and manganese, and small quantities of sodium chloride, 
calcium and magnesium sulphates, and appreciable quantities of 
alkaline sulphates. The residue after washing contained 0*04 per 
cent. Co and Ni. Another ore containing 1*08 Co was similarly treated 
and gave a liquor containing 0*429 per cent. Co, 0*006 per cent, Fe, 
0*031 Mn, 0*004 Cu ; and small quantities of salts just as above. The 
residue contained 0*07 per cent. Co. 

Another ore of which the composition was : — 


{ 

‘ { 


Co . . 

1 ‘49 per cent. 

AlgOj ) 

. 2-52 

Ni . 

. 0-02 

P 2 O, i 

As . . 

. 409 „ 

MngOg . 

. 1-44 

Cu-i 


CaO 1 

. 0-36 

Fc 1 . 

. Trace 

MgOJ ■ 

H, J 


Alkali . . 

, Trace 

FeS, . 

. 1-35 

Insoluble ] 

1- 74-90 

> 

Fe^O, . 

. 14'02 „ 

residue J 


pnxluced a liquor with 0 643 per cent. Co and Ni, 0*057 per cent. Fe, 
0-296 Mn. The residue contained 0*09 per cent. Co and Ni, 0’21 per 
cent. As, 21*10 per cent. FegOj, and 0*42 per cent. MngOj. 

’ See Vol. I., p. 10. 
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Ores with 2*81 per cent. Co, 0*04 per cent Ni, and 7*29 per cent 
As were treated in the same way, and left residues with 0*11 per 
cent Co and Ni, and 0*27 per cent As. 

By treatment of these liquors in the way described Stahl obtained 
an oxidised product with 92 per cent CojO,. 

Whether this method was ever worked is not known to the 
author. It seems possible that, if the cost of reagents is low, poor 
ores containing about 1 per cent, cobalt can be forked by it with 
profit. 

According to another method ^ the dead roasted ore is re-roasted 
with chlorides of iron, whereby cobalt chloride is formed with ferric 
oxide and ferroso-ferric oxide ; — 

(0 + SFeCl^ 3C0CI2 + ; 

2C03O4 + 2Fe2Cl6 * 6C0CI2+ + O2). 

As far as the writer knows, nt experiments have been yet mmlc 
on a large scale to ascertain whether the conversion of cobalt into 
chloride is complete. 

Sack^ has patented a process for separating cobalt from man- 
ganese, iron and aluminium, based on his researches on lead peroxide 
and its hydrate. He found that when a liquid containing 0*308 per 
cent. Co and 0'4156 per cent. Mn was treated with lead peroxide at 
ordinary temperatures, the resulting liquid contained 0*3638 per 
cent. Co and 0*00076 per cent. Mn. The two metals were present 
as sulphates. Further he found that manganese peroxide would pre- 
cipitate aluminium. Iron, he showed, was thrown down as basic salt. 

The liquid (preferably a solution of sulphates) is first freed from 
any copper it contains, and then well mixed with the calculated 
quantity of peroxide of lead. In case iron is present in great quan- 
tity it is precipitated beforehand with an alkaline (or alkaline earth) 
carbonate, and a large proportion of manganese, if present, is got 
rid of by fractional precipitation with a soluble alkaline or alkaline 
earthy sulphide. 

The precipitate produced by lead peroxide, which consists of 
hydrated peroxide of manganese, alumina, basic ferric sulphate and 
lead sulphate, is to be brought into solution (all but the lead) by 
sulphuric or hydrochloric acid, and the residue of lead sulphate 
worked up again into peroxide. This method does not appear to 
have been used on the large scale. 

^ Sohoneis, Berg, mvi Ztg,^ 1890, p. 453; Chemiker Ztg., 1890, p. 1475 • 
ZeUachr.f. Angen. Chemie, 1890, p. 837. 

* German patent, Kl. 40, No. 72,579, Aug. 5, 1892. 
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Lastly, there should be mentioned a proposal by Vortmann^ to 
obtain cobaltic oxide or hydrate from solutions containing cobalt and 
nickel, by electrolysis. If a current is passed through solutions of 
these metals containing no alkaline sulphates or other neutral salts 
of the alkalies, cobaltous and nickelous hydrates or basic salts of 
both come down at the cathode. If the current is reversed the 
nickelous hydrate (or corresponding basic salt) dissolves, but not that 
of cobalt, which is oxidised to cobaltic hydrate instead. On restoring 
the current to its original direction more of each lower hydrate is 
produced, and on again reversing the current the nickel is dissolved. 
In this way, finally, all the cobalt is precipitated as hydrate and all 
the nickel remains in solution. If there is a small quantity of a 
chloride present in the liquid (say 1 per cent, common salt), the 
cobaltous hydrate is* very quickly oxidised to the higher compound 
by the small amount of free chlorine or hypochlorous acid set froe. 
In this case the constant change of current is unnecessary. 

The separation of cobalt is assisted by gentle warming. After it 
is completed, the current is stopped and the liquid heated to 60° or 
70°, whereby any small quantity of nickelic hydrate remaining in the 
cobalt compound is dissolved away. The solution of nickel when 
filtered contains no cobalt. Nothing is known yet as to the use of 
this proposal on the large scale. 

Clemens Winkler^ has given an account of his method of 
obtaining pure cobalt and pure nickel in determining their atomic 
weights. 

B. THE EXTRACTION OF METALLIC COBALT 

This is achieved by the reduction of the sesquioxide with carbon- 
aceous bodies and is carried on exactly in the same way as the reduc- 
tion of nickel from its monoxide.^ 

The melted cobalt, free from carbon, can be cast into plates, 
which may be rolled when hot. The addition of a trace of magnesium 
(01 per cent ) assists the production of a compact and tenacious 
casting. 

A patent * is in use at the Bemdorf works in Lower Austria for 
the production of cobalt which is malleable and can be forged. The 
oxide is used in the form of powder ; it is mixed with a 4 per cent, 
solution of alkaline permanganate, dried and smelted in a blast furnace, 
which gives cobalt containing a trace of manganese. The manganese 

^ German patent. No. 78,236, May 10, 1894. 

3 ZeitHchr. fur Inorg, Chemie, vol. viii., 1895. 

•* See p. 551. 

* German patent. No. 28,989. 
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compound renders the gaseous carbon compounds innocuous by 
oxidising them. (Carbon, which is taken up by cobalt to the extent 
of 4 per cent., makes it hard and brittle.) 

2. THE PRODUCTION OF SMALT 

Smalt is a ptitash glass highly silicatod and coloure<l blue by 
cobalt monoxide Vanous qualities, classified according to shade and 
fineness of grain, an* found in commerce. It conbiiiis usually a 
certain quantity of water-glass and also ininuti (j[uantities of arsenic 
or arsenious acid. According to Ludwig ^ the colour may be injured 
in purity and strength by the presence of certain metallic oxides. 
According to his researches baryta deepens the colour somewhat » but 
gives it an indigo-blue tinge. Soda, lime, and magnesia diminish 
the colour in a marked degree, and give it a reddish shade. Alumina 
does not affect the parity of thi\ colour, but diminishes its intensity. 
Nickel monoxide gives the glass a red colour if it is in small quan- 
tities ; a large amount gives a violet-brown tint ; ferrous oxide efives 
a shade varying from brown to green. Manganic oxhle give*^ vieli*t, 
cupric oxide green, cupruus oxide red shades. F(‘rric oxide, inan- 
ganouH oxide, lead and bismuth oxides are harmless if not in too 
great (piantities. The quantity of cobalt in the smalt varies with 
its depth of colour from 1*05 to 18 per cent. 

Smalt is manufactured by melting together in proper proportions 
cobaltic oxido, quartz and potash. 

The oxide is generally made direct from the ores by roasting, 
nnle.ss it is made by a wet method. If the ores to be roasted contain 
arsenical or sulph-arsenical comjiounds of cobalt, the roasting 
furnaces (reverberatory or muffle furnaces) must be provided with 
condensers to arrest the arsenious acid set free. 

The roasting should be carried on so that thti cobalt in the ore 
is converted into sesquioxide. If a considerable amount of iron or 
nickel is present, a certain amount of metallic arsenide is purpusel} 
left undecoinposed to separate those metals in a speiss during the 
smelting process. But if the n»asting is tenninated too soon, cobalt 
will remain combinc*d with arsenic, and pass into the spi‘iss. A 
small quantity thus lost n(»ed not be regretted as it ensures the 
absence of nickel in the smalt. If iron is in the ore there is also 
advantage in keeping back a little arsenious acid in the roasted 
product, as during th(* smelting this will convert ferrous oxide into 
the much less injurious ferric oxide. 

Silica is used in the form of pure ground quartz. To obtain 
1 Erdmann\ Journ. fur Projrt. Chem., vol. li., p. 129. 
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this lumps ot quartz are ignited, dropped into water so as to render 
them brittle, and then stamped. The pulverised quartz is finally 
washed to get rid of any foreign matter. 

The potash must be pure and calcined, and must be free from 
soda and alkaline earths. 

The ore, the quartz and the potash are most intimately mixed 
in accurate proportions, cither ascertained by experience or discovered 
by preliminaiy trials, and then put in the melting crucible of the 
smalt furnace. If there is not arsenious acid enough in the ore to 
oxidist' the ferrous oxide, the requisite amount is added to the 
charge. 

The smelting crucible or pot is made of fire-clay, and varies in 
size in different works. 

At the Saxony smalt works a pot holds about 1 cwt. of the 
mixture, and there are 8 pots in a furnace. 

The arrangement of a furnace for fj pots is shown in Figs. 339 
and 340. 

On the bottom of the dome-shaped heating chamber T, the pots 
i, are placed on tiles round an opening «, through which the flame 
ascends from the two h('arths A’, A, below. I'he smoke and gases, 
aft(*r circulating round the pots, pass away through the openings 7«, ?/t, 
which are also working doors. Tho pots are put in Jind taken out 
through the openings v, which are bricked up during heating. N is 
the ashpit, H the floor level of the works. 

During the fusion cobalt sesquioxide, silica and the potassium 
of the potjish unite into a glass, the smalt, while nickel, iron and 
copper unite with the arsenic into a speiss. Bismuth, if present, 
separates with the speiss. If copper is present as oxide, it yields its 
oxygen to the readily oxidisable metals, and is also found in the 
sjieiss. 

The speiss and any bismuth present are found at the bottom of 
the ]K)t, the cobalt glass above. While fusing, the mass is stirred 
up from time to time. Finally the molten mass is allowed to stand 
quiet for a while for the two layers to separate completely. Then 
the glass is lifted out with a ladle, and poured into cold water, to be 
ready for powdering. 

The length of the operation varies from 8 to 16 hours according 
to the charge and the quality of the glass to be obtained. 

On account of the purity of the speiss it is a suitable material for 
th(‘ recovery of nickel. If the ore contains bismuth, large quantities 
of this metal are mixed with the speiss. It is obtained by liquation 
before working uj) for nickel. 



COBALT 


611 


After being thrown into water, the glass is stamped, sieved 
jigged to free it from any intermixed speiss, and then ground wet 
in mills. The mud is sent through a series of washing vats 
in •which the glass powder is deposited according to the size of its 
granules. In the first is the coarse ])owder, called stre^fhhv.* 



Fia. 
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This IS ground again with glass of the same depth of colour. After 
this is removed, the mud is run into a second wash vessel, in which 
the pigment proper is deposited. Next, the liquid still containing 
suspended particles, is run into a third vessel, where it stands till 
clear. At the bottom of this the finest powder is found, the so-called 
“ eschel*' The pigment and the escheJ are washed several times, and 
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the wash-water collected in a tank in which the so-called ** tank- 
eschel ” is deposited. 

The pigment is now put into hot drying chambers, or dried in 
the open air in the “ drying-houses.” 

It is only known as smalt after this drying process. During all 
this treatment it has lost some part of any soluble constituents, but 
from 0*75 to 1*25 per cent, of water-glass remains. It has a dull 
appearance if the percentage approaches the higher limit. It forms 
a plastic mass when mixed with water. If left in contact with water 
too long it loses its fine colour and becomes grey-blue or dirty green. 

Smalt is classified by the size of the grains, as well as by its con- 
tent of cobalt. Letters are used to distinguish both the qualities : — 

ClaMiflcation by sizo 
C (colour, pigment). 

K (eHchel). 

B (Bohemian, t.r., of medium coarseneBR 
from 0*02 to 0'04 inch diam). 

H (high, Le. largest size). 
iS is used to distinguish unsieved pigment 
(t is used to distinguish sieved pigment. 

These letters are combined to distinguish quality: tin* following 

c'xaiii]Aes of their use : — 

FC = Fine colour. FOB = Fine Bohemian colour, ME = im‘dium 
eschel. ()CB=-orfliiiary Bohemian colour. Smalts which contain 
more cobalt than the F quality an* distinguislu'd by doubling the 
h'tter F, and qualities poorer in cobalt than the OC <juality an* dis- 
tinguished by the use of indices, e.g. OC” (i.e. containing half the 
cobalt in the OC c]uality); OC* (i.e. containing a quart(*r of that 
quantity). 

Ludwig has given the following analysis of smalts ; (1) a coarse 
colour from Moduni, (2) a Cerman coarse eschel, and (3) a German 
coarst* ])ah» colour. 
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By S(fjyc or mffior is understood a mixture of roasted cobalt ore 
and powdered (juartz, which when melted with potash will yield blm* 
glass. This is also an article of commerce. 


Clacifiiflcatlon by content of Cobalt 
F (line). 

M (meilium). 

O (ordinary). 
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3. THE MANUFACn’URE OF SPECIAL COBALT COMPOUNDS 

Amonpst these may be noticed : — 

Cobalt phosphate and arsoniato, which are known in commerce aa 
rad oxide of cobalt ; cobalt bremt, a cobalt-ammonium phosphate which 
produces a metallic tinsel ; cdbalt-uUmmarine or ThffmTd!» blue, 
which is a molecular mixture of alumina and an oxjde of cobalt and 
zinc green, or Rinmann's green, or green cin'nnhar, ft compound of zinc 
and cobaltous oxide 

Cobalt-iiltranwrinr is made by treating a siiution containing 
3 parts alumina and 1 part cobalt monoxide with an alkaline car- 
bonate ; or by igniting a mixture of alum and cobalt sulphate until 
the whole of the sulphuric acid has been got rid of It may also be 
obtained by treating solution of cobalt nitrait with potassium phos- 
phate, collecting the piecipitate, mixing it with three times its 
volume of aluminium hydrate (freshly procipitattKl by sodium car- 
bonate fiYun alum solution) and heating and drying this mixture. 

Rlnniomis green may be made by treating a scjlution of 1 part 
cobaltous chloride and 5 2 )arts zinc chloride with potassium carbon- 
ate, washing, drying and igniting the pr(‘cipitnt(‘ obtaiiiod. Another 
method coasists in igniting a mixture of blue cobalt chloride with 
zinc white until no muff* zinc chloride volatilises. Another is to 
trc'at a solution of zinc and cobalt sulphates with sodium carbonate, 
wash and ignit(3 the precipitate. It is also prepared by (‘vaporating 
to dryness a solution of zinc and cobalt nitrates and igniting the 
residue. Or lastly, by mixing cobalt nitrate solution with zinc oxide, 
(‘vaporating t(» dryn(*ss, and igniting the residue. 

In all tho.sc‘ cases th(j colour may be spoiled, and turned grey by 
allowing the temj)erature to rise to(» high during igniiioii. 
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Physical Properties 

Platinum has airalinoBtilkver-white lustre and a hackly fracture*. 
It is ductile and inallcabM^ very high degre(*. Its hardness is 
equal to that of copper :'‘|til[|Pl|hcity lies between those of gold and 
copper. 

Its specific gravity *l^/^1|||bording to Dcville and Debray, from 
21*48 to 21*50 at 17*()® Cl 5 'fey the addition of a certain ipiantity of 
iridium i|- rises to 21*8. It crystallises in the regular system. It 
can be welded at a white* heat, and melts in the oxy-hydrog(*n jet 
at about 1*^75'’ (V'^iolle), or acconling to earlier statements at about 
2000®. If combined with carbon and silicon it will melt at a lower 
temperature. 

The question of the volatility of jdatinum at higher tempemtures 
has not yet been decidetl with certainty. It is well known that when 
tjuite j)ure it may Ik* heated far above its melting point in the 
oxy-hydrogen blast, without any loss whatever by volatilisation. 
But it has be(*n proved to b(* volatile when combined with silicon 
or cixrbon. Further, it is volatile* in the presence f)f chlorine and 
osmium. 

If quickly cooled, molten platinum is said to spit in the same 
way as silver. According to Heneus the spitting occurs only when 
oxygen is forced into the molten metal. According to Aubt*l the* 
cause of the spitting is that the surface of the metal is contracti*d 
by a quick cooling, and the liquid portions undenieath an* forced 
out and burst through this cover. 

At a high temperature platinum is penneable by hydrogen. 
Under the same conditions oxygen, chlorine, hydrochloric acid, carbon 
monoxide and dioxide, and steam will not pass through. It is per- 
meable by nitrogen in small quantities, but only in the presence of 
hydrogen. The red-hot metal has the property of absorbing con- 
siderable quantities of hydrogen, and of retaining it on being cooled. 
The hydrogen is removed by heating the metal in a vacuum. 
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Finely divided platinum (platinum black, spongy platinum) has 
the property of condensing gases, especially oxygen, on its surface. 

Its ductility is considerably lessened by the presence of small 
(piantities of the other platinum metals (which are found with it in 
nature), such as iridium, osmium, palladium, rhmlium, ruthc^nium. 
On the other hand iridium makes platinum harder, and less easilv 
attacked by chemical agents. Silicon even in veiy small ipiantity 
(one three-thousandth part) makes platinum brittle and hanl. 

Chemical Reactions op Platinum and of its Compounds 

THAT ARE OF IMPORTANCE IN ITS EXTRACTION 

Platinum is unalterable ih air at all temperatures. In the pun* 
state it is not attacked by sulphuric, nitnc or hydrochloric a<ud, cold 
or hot. But if it is impure oi alloyed with other metals, it will be 
more or less acted on by acids. For instance, from its alloys con- 
taining silver, copper, Ic^, bismuth and zinc it dissolves in nitric 
acid, forming platinic nitrate. Platinum is slowly dissolve! by lUjua 
regia to form platinic chloride, and much more (juickly under increased 
pressure. 

Perfectly dry chlorine dm's affect platinum at the ordinary tem- 
perature, but acts readily at a higher temperature. Platinum s])onge 
18 converted into the lower chloride at about 25()®C. ]>am]) chlorine, 

like aqua regia, acts on it slowly at ordinary temperatures, rapidly 
at higher temperatures. Ferric chloride seems to disstilve jilatinum. 
There are two chlorides, platinous chloride*, PtCl.^ and platinic chloride, 
PtCl 4 . Bromine does not attack it : but a mixture of bromine or 
hydrobromic acid with nitric acid acts readily. 

It is oxidised by fused alkali, in the iiresencc* of air, and also by 
heating with alkaline nitrates. There arc two oxides, PiO and PtO^. 

When sulphur is heated with finely diviiled platinum in a glass 
tube in a vacuum, the* two substances combine readily to form th(* 
inonosulphidc PtS. If heated to redness in the air this compound 
decomposes, and platinum metal remains. Another sulphide, platinum 
disulphide, PtS^, is obtained by melting platinum with sulphur and 
an alkali, or by melting the double chloride of platinum and ammonium 
with sulphur. This disulphide dissolves in alkaline sulphides. 

Silicon combines with platinum if the latter is heated with carbon 
and silica, or if heated with carbon alone in a clay crucible. By 
melting platinum with silicon, Winkler obtained the compounds 
PtSia and Pt 2 Si. They are brittle and hard, and lose their silicon nt 
very high temperatures. 

Platinum combines with phosphorus at a red heat. 
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Metallic platinum is deposited from all its salts when they are 
heated to redness. If a solution of the chloride is treated with 
organic substances such as alcohol, or with magnesium, zinc or iron, 
platinum H(‘parat(»s in the fonn of a black powder known as platinum 
black. 

Potassium and ammonium chlorides give with a solution of 
platinum chloride precipitates of the respective double chlorides. 
When these are heated, metallic platinum is left in a spongy form. 
If it is the potassium-platinum chloride that is heated, potassium 
chloride is left behind as well as the metal. 

l^latinum alloys with a large number of metals; for instance, 
with iridium, osmium, palladium, rhodium, ruthenium, gold, silver, 
(•tipper, iron, lead. 

Coni]jact platinum does not amalgamate with mercury in tKe cold. 
When heated it forms a slight coating of amalgam which is easily 
wiped off. However, spongy^latinum takes up mercury when the 
two are rubbed togtither and gently warmed with the addition of 
slightly acidified water. 

Since the platinum found in nature^ is compact, it can b(‘ separated 
by mercury from native gold. 

If ])latinum is melted with lead a brittle alloy is obtained, from 
which l(‘ad may be dii\en off by cupellation. If the alloy is 
]iowdei-ed and exposed to moist air containing carbon dioxides 
the excess of lead will be oxidisinl away as white lead, until just 
(‘iiough is left for the alloy PtH-Pb, which remains. This is easily 
decoiji]K)sed by heating with mineral acids. Thus it is possible to 
coll(‘ct platinum by melting it in lead, and then removing the lead by 
cu]»elling. 

OltES OF PLATlN,rM 

IMiitinum is found in the native condition, and combined with 
arsenic, as the niintu'al apernfJU. Only native platinum is used 
as a source of the metal. SperriflU (K*curs in the copper and nickel 
ores of Sudbuiy, in Canada, which contain veins of magnetic pyrites ; 
it s(*ems to have the formula PtA-Sg, and has only mineralogical 
ititerest. 

Nativi* platinum is usually alloyed with the metals known as 
th(^ platinum group, namely, iridium, osmium, rhodium, palladium, 
ruthenium, and also with iron and some copper. As much as 27*8 
}HT cent, of iridium has been found in specimens of platinum, and 
PJ per cent, of iron. 

Platinum is found most usually in beds of gravel and sand 
which have been formed by the wearing away of the original 
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<loposits containing the metal. In such secondoiy deposits known 
:is “ alluvials ” or “ placers/* it is found like gold in grains and flakes, 
more rarely in nuggets. The chief impurities are serpentine, quartz, 
zircon, spinel, corundum, titanic, chrome, and magnetic iron ores, 
gold, and o.smiridium. The largest lump of ])liitinnm found up till 
now in tht* “ alluvials *’ of the Ural Mountains is in the Demidoff 
Museum at 8t. Petersbiirg, and weighs 21 (14 lbs. 

Th(‘ most importiint sources of native platinum ''are in Russia; 
which country produces far more of this medal than any other. 
Platinum is ftuind there both on the (‘astern and western slopes of the 
Urals, and also in the Altai Mountains. The richest |)art of the 
Urals, whence the gre^atest share of the Russian output comes, is 
Nischni-Tagilsk on the west side. On the eastern side platinum is 
found at Bogolovsk, KuHchvinhk,Nevjan8k and Miask. Other localities 
lor platinum are Spaing Ireland (co Wicklow), South America (the 
provinces Choco and Barbacoas in the Republic of New Granada, 
Minas Oeraes, and Matto Orosse in Brazil), North America (British 
f'olumbia, California, Oregon, North Carolina, Canada, Mexico, San 
Domingo, Hajdi), Borneo, East Indies, Lapland, Australia (Now South 
Wales), New Zealand. Platinum tcMlhe extent (»f 0 0004 per cent, 
has been found in th(' sand of th(‘ Rhine by Hopff and Ddbereiner. 

The alluvial soil or stind containing platinum is washed, and any 
gold present in the residue removt»d by treatment with mercury. 
In this eoiidilion it is sent to the platinum works for further treat- 
ment. 

1’h<‘ composition of the platinum thus obtained, the s(»-callod 
crude jilatinum, will be seen in the following analyst>s : — 
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BeHidofl occurring native, or in alloys, platinum is found in very 
small quantities in fahl-ores, zinc blendes, lead, silver and uranium 
ores, and in various rocks. For instance Bossier has found 0*0068 
per cent, of platinum in the Blichsilhcr of Commern and Mechemich. 

The Extraction of Platinum 

The extraction on the large scale is preceded by a concentration 
of the ore by washing. If gold is present it is concentrated with the 
platinum by the same process. Gold is removed from the residue by 
mercury, which amalgamates with this metal and does not affect 
platinum. For (example, at Nischni-Tagilsk the washed sand is first 
divided into two portions, one rich, the other poor in gold. Each of 
these portions is placed in bowls of wood, iron, or porcelain (in quan- 
tities of 1 1 to 30 lbs.), and rubbed up with mercury for half an hour. 
After this, the amalgam formed is poured out, and this rubbing with 
inereuiy r(*peated until the whole of the gold has been extract(‘d. 

Then the further treatment may be conducted either in the dry 
or the wet way. The dry way does not produce pure platinum, but its 
alloys with iridium and rhodium. The production of pun' platinum 
requires the use of a wet method. Electrolysis is used to separate 
metallic platinum from its alloys with gold. 

Tlu‘ wet method is principally used. 


EXTUArTlON OK PLATINUM IN THE DRV W VV 

Two methods ha\e been elaborated by Devilh' and Debray.^ 
One consists in melting the ore in a vessel made <>f linu', and 
n'-melting the button thus obtained : the second method is to melt 
the ore with gahuia and litharge in a rt*V(*rberatory furnac(* and 
scorif} thi‘ lead-platinum alloy obtained in order to remove the lead. 
Listly the platinum is fused into an ingot in the lime furnace. 

The melting of the ore in this lime vessel, known as the DcvilK* 
furnace, is achieved with the help of an oxy-coal-gas flame. 

The arrangement of this method of melting is shown in Fig. 341. 

Thi‘ vessel consists of two halves formed out of a hollow cylindrical 
block of calcined lime. In the hollow h the ore is placed, through 
an oj)ening in the upper half, not visible in the figure. This opening 
is closed b\ a lime stopper during the melting. A second conical 
opening q serves to admit the current of gas. This latter is led Uv 
the opi*ning through a platinum tube which has a perforated tip at 

1 Dinglei, vol. lo3, p. 38 ; \ol. ir>4, pp. 130, 199, 287, :I83 ; vol. 105, pp. 198, 205. 
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itH lower end. This tube Is attached at its upper end to a copper 
one e. Through the tube /i,the coal gas, and through the tube o,th(* 
oxygen are introduced. The proclucts of combustion oscapt' through 
the opening d ; the same opening serves for pouring the molten 
mass. There is a proper arrangement of taps to both g«is pipes, so 
as to make the flame oxidising or reducing. 

After a small portion of the ore, previously warmed and mixed 
with some chalk, has been put in through the ojieninf? mentionwl, it 
is mt‘lted in an oxidising flame. Metals other than the noble 
ores are thus oxidised and form, with the chalk and any gangue 
present, a slag, which is absorl^'d by the lining «*f the vessel. 
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Any volatile compounds or ])owdery substances ♦•seap** with the 
prmlucts of combustion. 

To this molten mass ore is now added in small portions until the 
lower part of the cavity is tilled with molt(*n metal. It is then 
poured out and nunelted in another Deville furnace with an oxidising 
flame, so that again part of the commoner metals are oxidised and 
absorbed by the lime. The continual use of a fr(‘sh furnace is 
rendered necessary by the decreasing power of absorption of the 
lime for the slag. Finally, there is obtained, not pure platinum, 
but an alloy with iridium and rhodium, from which pun* metal can 
be obtained by a wet method. 

The second method by Deville and D(‘bray separates platinum 
from the ore by the help of lead, which alloys with platinum but 
not with osmiridium. 
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For this purpose about 1 cwt. of the crude platinum is melted 
in a reducing flame, with the same quantity of galena, in a small rever- 
beratory furnace, on a hearth composed of marl or calcium phosphate, 
about 3 feet 3 inches long, 6 inches medium depth, and 20 inches 
broad. The galena is decomposed by the iron present in ,the ore, 
a lead matte is formed and metallic lead set free, which alloys 
with ]>latinuin. To decompose the matte about 2 cwt. of litharge 
are added, the heat increased and the whole covered with fusible 
glass. The load matte is reduced to lead by the litharge, and 
again forms the platinum alloy, while sulphur dioxide is given 
off. Osmiridium, which dotjs not alloy with lead, remains at the 
bottom of the furnace. After the slag containing lead has been 
skimmed off, the alloy is removed by a cast-iron ladle. The lower 
})art of the bath containing the osmiridium is added in the working 
of another portion of ore, so as to enrich it. Finally, this lower 
{>ortion i.s jumred out on to a gently sloping surface, on which the 
platinum -l(»ad alloy will nin down while the osmiridium remains. 

Th(* former is removed to a refining furnace provided with a 
blast. In proportion as the lead is removed the temperature must 
be further raised. It is not, however, possible to remove the whoh^ 
of th(‘ l(*ad while the material remains liquid, as it solidifies whilst 
lead IS still present. 

Th(* n»sidue is melted in the Deville furnace already described ; 
in this the k»ad and any other volatile elements arc volatilised 
away, and the eommoniT metals are oxidised and passed into slag. 
Khodnini and iridiimi remain with platinum. The platinum is 
jioured into moulds lined with sht»ets of the metal. 

To UK*lt larger (juantities of platinum (more than 1) Ibs.J, the 
vessel shown in Figs. 342 and 343 is used. It consists of a cylinder 
of shei‘t-in»n lined with lime, and wdth the c(»ver shown in Fig. 343. 
A stream of oxy-coal-gas is led through the hole in this cover. Th(» 
vessel can be tipped to pour out platinum. In this Deville and 
Debrajy melted about 25 lbs. of Russian coins with the use of 4‘2 
cubic fei't of oxygen. 

The Siemens ^ electric furnace, which was expected to be of great 
service in fusing platinum, has not fulfilled expectation, because 
platinum ahvays absorbs carbon from the carbon electrodes of the 
furnace*, and thus loses most of the properties that are of value in 
the arts. 

Up to the present time the dry method of obtaining })latinum 
has only been used exceptional!}. 


AUgtmvine Ilulhulnmh^ p. 256. 



PLATINUM 


621 


EXTRACniON OF‘l»L.VTINUM BY WET METHODS 

This method of extraction consists essentially in bringing platinum 
into solution with aqua regia, precipitating from this solution 
platinum-ammonium chloride by means of ammonium chloride and 
ammonia, and then decomposing this com{K)uiid and separating 
platinum at a red heat. 

This pn)cess, invented by Wollaston, was formerly oarrit'd out with 
slight variations at the laboratory of the Department of Mines at 
St. Petersburg. Then* the ore was treated for 8 or 10 hours in open 
vessels, on a hot sand-bath, with 10 or 15 times its weight of aqua 
regia (composed of 8 |)arts hydrochloric acid at 25’ B. and 1 (>art 
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nitric acid 40° B.). By this means platinum, a portion of its kiiidr(*d 
metals, and baser metals were brought into solution, while <jsmiridinin 
chiefly, with rhodimn and ruthenium, and small quantities of iridium 
and palladium, remained behind with the* sandy n*sidue. 

The solution which contained besides platinum, iridium, rhtMlium, 
palladium, copptT, iron, and small quantities of osmium and ruthenium 
was treated with solution of sal-ammoniac in glass vessels to i)recipi- 
tate the platinum as double chloride. In this process it was necessary 
for the solution to contain excess of acid to prevent a precipitate 
of iridium from coming down. 

The precipitate of double chloride was washed and dried and 
strongly heated in platinum vessels, whereby it is converti*d into 
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platinum sponge. This sponge is triturated, sieved, pressed together 
in a screw press with steel dies, and then strongly heated for 
1 J days in a porcelain furnace. This red-hot platinum was hammered 
into bars or rolled into sheets. 

The first part of the wash- water obtained in washing the platinum- 
ammonium chloride precipitate was evaporated down to one-twelfth 
its original voluinis when a similar iridium salt containing 
platinum crystallised out, and, on heating, yielded a platinum- 
iridium alloy. The second part of the wash-water was evaporated 
completely to dryni^ss, heated to redness, and added to a fresh 
portion of ort' when the latter was treated with aqua regia. 

Since the platinum obtained in this process was not fre(‘ from 
ii'idiiiin, Dobereiner’s^ method to obtain platinum without iridium was 
us('d. The platinoid metals, but not platinum itself, are precipitated 
by treating the aqua regia solution diluted to 85° B., with lime 
water until the reaction is only feebly acid. But this process gave 
neitluT a precipitate of the platinoid metals free from platinum, nor 
platinum free from them. 

Schneider,® in order to avoid the precipitation of iridium with 
])lalinuni, treats the ore with aqua regia and excess of hydro- 
chloi-ic acid, and evajiorates the solution obtained n(‘arly to dryness. 
The liquid is them dilutt»d with water, treated with soda until it 
is fairly alkaline, and boiled with alcohol. The precipitate obtained 
is disst»Ived in hydrochloric acid. From this solution platinum can 

pn'cipitated by ammonium chloride as tin* pure double chloride. 
By this method iridium and rhodium are converted into sesqui- 
chlorides, which arc not precipitated by sal-ammoniac. It is not 
known yi»t how far this process has come into use. 

Herapus in Hanau,^ in order to make the ore dissolve more 
quickly, places it in glass retorts with a mixture of 1 part aqua regia 
with 2 jMirts water, under a pressure of 1 2 inches of water, evaporates 
the solution, and heats the residue obtained to 125^ so that the 
sesqui -chlorides of iridium and palladium are formed. Then this 
n‘sidue is dissolved in hydrochloric acid. Next the pure double 
chloride is precipitated from the solution. This is converted into 
platinum sponge by ignition, and the sponge melted in a lime 
crucible. The liquid filtered from the platinum double chloride pre- 
cipitate is evaporated to a certain density, when the iridium salt 
comes down. The remaining metals are precipitated from this 
solution by iron turnings. The excess of iron is removed from the 

' Liebig’H Annalen, vol. 14, 10, 251. * Dingl. 190, 118. 

*' Amtl. Btrichi uher die Wiener Weltautuil. i. J., 1873, vol. iii. 090. Dingl. 
vol. 220, p. 95. 
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precipitate by hydrochloric acid, and the latter is then treated 
with aqua regia in order to obtain more of the platinum and iridium 
precipitates. 

Palladium, rhodium, ruthenium, osmium and iridium may be 
obtained fron) the residues after the ore is dissolved, and from the 
mother liquors after precipitation. 

G. Matthey ' produces pure platinum fnun the* commercial crude 
metal by melting it with six times its amount of lead, gnumlating 
this alloy, and treating it with dilute h>drc»chloric acid, which 
dissolves iron, lead, }>alladium and rhodium, while platinum remains 
behind with iridium, and small quantities of lead, rhodium and other 
platinoid metals. This residue is boiled with lujita regia, when 
platinum and l(*ad dissolve* and iridium remains behind. 1'he lead is 
precipitated by sulphuric at*ict The liquid is filtered from leail 
sulphate, and treated with excess of ammonium chloride and common 
salt to pr(*cipitate platinum in the t:sual way. If rhr>dium is pri*scnt 
in the solution, the precipitate is rose-colour insttsid of pure yellow. 
It is ignited with bisulphate of potash, whK‘h forms rhodium-potas- 
sium sulphate, while the jdatinum separates as metal. The double 
salt is dissolved by boiling the whole with water. 

To hasten the separation of platinum and miniinise the quantity 
of aqua regia, it has been proposed by Hess,- and by Du Ho,* to 
melt crude platinum with four or five times its weight of zinc, and 
treat the alloy with sulphuric acid first. 

Wyott * has brought forward a process for extracting the platinoid 
metals from residues and mother-liquors. Platinum, palladium and 
rhodium are dissolved out of the ores by aqua regia. The first 
is precipitated by ammonium chloride. The liquid is filtered off 
neutralised by soda, and palladium cyanide (PdCy^) precipitated 
from it by mercuric cyanide. Hhodium remains in the solution. 
The residue after treatment with aijua r€»gia is to be heated in a 
stream of air, whereby osmium is converted into tetroxidc, which 
volatilises, and rhodium oxide is deposited in the hotter parts of the 
exit tube. The residue, after this heating, is mixed with salt and 
heated in a stream of chlorine. Sodium-iridium chloride is formed, 
which is dissolved by boiling water. 

When gold is precipitated from an aqua regia solution by iron 
chloride (described under Gold *), the solution which remains consists 
of iron chloride, which, together with finely divided gold, in many 
cases contains also platinum, palladium and chloride of silver finely 

* Chem. Netrfl, 1879, xxxix. No. 1,013, p. 175. B. «. H. Ztg., 1880, p. 28. 

* Erdm, •Tbitm., vol. 40, p. 498. * Erdm, Joum.^ vol. 78, p. 369. 

* Engiu. atid Min, Joum., 44, p. 273. ° See vol. i., pp. 862, 863. 
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divided, while iridium, ruthenium, rhodium, selenium and various 
base metals are in the solution. From these materials platinum and 
the platinoid metals are extracted at the gold and silver works at 
Frankfort-on-Main by the following ])roces8,^ 

Sheet-iron cuttings are first placed in the solution in order to 
reduce ferric to ferrous chloride, which can be used again to pre- 
cipitate gold. The iron throws down selenium and the metals 
mentioned, in the form of a black mud, which is removed from time 
to time from the vessels (large stoneware pots). After the larger 
pieces of iron have been sieved out of the mud, it is digested with 
iron chloride to remove iron and copper, and then rept^atedly washed 
with dilute hydrochloric acid. It is next dried and smelted with 
soda and coal. A button of metal is obtained, and a slag con- 
taining selenium, which is collected and worked up for that element. 
The metallic button is re-melted and granulated, then digested in 
glass retorts with jujua regia containing excess of hydrochloric acid, 
by which means the greater part of any copper present is removi‘d. 
It is necessary for this piirptwe to use* a limited quantity of thi‘ 
acid mixture, as otherwise copper and all the noble metals will be 
dissolved, and the presence of copper will niak(» the preci] station of 
])latinum and palladium difficult. The noble metals that pas^ int(> 
solution are sejmrated again by the imdallic coppc»r present in the 
granules or by copper wire put in f<»r the purpose. Finall}, the 
solution contains princijmlly cuprous chloride, kept dissolv(‘d by tht» 
excess of hydrochloric acid, and also some cupric chloride. After the 
metallic mud has been lu^arly freed from copper by this operation, 
n^peated if necessary, it is boiled with acpia regia, and all the metals 
brought into solution. When this is diluted with wat('r, antimony 
is thrown down as oxychloride. The diluted solution is afterwards 
brought back to its former concentration by evaporation, and the 
gold is thrown down by on electric current. (Gold must not be 
thn)wii down by ferrous chloride, which would bring back iron into 
the solution.) Next, platinum is precipitated by sal-ammoniac, and 
the precipitate, after ignition, gives the metal with only 0 005 per 
cent, impurity. The filtrate from this last precipitate still contains 
sal-ammoniac, and is used to precipitate platinum from another solu- 
tion, whereby the quantity of iridium and palladium dissolved in it 
is increased. Afterwards, this enriched solution is evaporated until 
the iridium-ammonium chloride separates out, and, lastly, fnmi this 
mother liquor the similar palladium double salt is crystallised out 
by adding ammonia and hydrochloric acid. 


^ DintjL Jourti. 2*24, p. 414. 
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The usual composition of platinum niotal is given by the iollowing 
analyses ^ : — 


Pt 

1 . 

11 

III. 

99*20 

99 9 

99*9 

Ir 

0*32 

_ 


K«1 

0*13 

001 


Ptl 




Rn 

0*04 


_ 

Fi- 

0*06 


0*0001 

t’ll 

007 


... 

As 

- 

0*01 



The origin of the first sainple is unknown , the secoiul is from 
Johnson, Matthf^y and Co.’s works in Loiuhai, and the thin I from 
the works of Ifereeus in Hanau. 

KXTHA(T10N OF PLATIKHM HV AN ELKCl'RO-METALLUHOU’AL 

MirrHon 

By this method platinum and i(-> allic^l metals arc removed from 
their alloys with gold- Further, platinum can bt‘ scparaU^d from 
iridium and rhodium by a weak current acting on an acid solution 
of platinum chloride as the idectrolyte. As, however, platinum 
Hi»parates easily from most of its compounds by simple heating, 
the electrolytic method seems unnecessary in this case The separa- 
tion of gold and the platinum metals is carried out on a large 
scale at the North German Refinery at Hamburg. The complete 
process is a secret. The alloys concerned are used as anodes in 
the form of sheets. Gold leaf forms the cathodes, and a neutral 
solution of gold chloride the electrolyte. Chemically pure gold is 
deposited on the cathode, while, as the anode dissolves, the platinoid 
metals are unacted on, and fall as a black mud to the bottom of 
the cell. Nothing is known of the exact composition of the alloy, 
the strength of the current, or the electric potential. 

In the electrical refining of copper from the Sudbuiy ores (con- 
taining sperrylit), the anode mud produced contains platinum . 
nothing has been made known as to the further treatment of this 
mud. 


^ Mineroi InduHry, 1892, p. 384. 
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Physical Propeuties 

Aluminium has a tin-white^ colour and high lustre. If a minute 
(juantiiy of silicon has been allowed to remain in it, the colour has a 
bluish tinge , a larger quantity makes it gi*ay. Mechanical treatment 
also produces a bluish tingi*. 

The fracture of cast aluminium shows a coarse fibn* and irregular 
grain, while it is sinewy or fine-grained, and shows a high silky lustre 
after being hammered and rolled. 

According to Deville, aluminium crystallises in regular octahedra 
if slowly cooled. According to Hose the ciystals do not belong to the 
regular system. 

The specific gravity of aluminium is considerably less than that 
of all other metals used generally in commerce. At 22® 0. it is 2*64 
for cast metal, 2*7 for drawn metal. 

It has the softness of silver, but clogs like lead or tin when filed, 
turned or planed. It is also tenacious enough to be beaten into the 
thinnest sheets and wire like silver. 

It is malleable both when cold and hot. It is possible to hammer 
out in the cold a stick of aluminium of 80 units section into one of 
single unit section, without any tearing on the edge ; but hammering 
and extending in the cold diminish the malleability of the metal and 
increase its hardness. To keep its malleability unaltered it must be 
Worked when hot. It is subjected to cold hammering and rolling 
when its strength and hardness are to be increased. 

Aluminium has considerable tensile strength, which is greatly 
diminished by heating. In cast aluminium it comes near to that of 
ordinary iron (6 to 7^ tons to the square inch, with 3 per cent, 
extension). Cold rolled, or hammered metal has a tensile strength 
equal to that of cast gunmetal, and gret\ter than that of hot rolled 
copper. Bauschinger in Munich has given the strength of cold 
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preeaed and hammered aluminhim aa 17 tow per aqueie iteb, with 
a diminution of section from 12*9 to 1. 

The diminution of the tenacity of the metal with increasing 
temperature has been tabulated by Andr4 le Chatolier^ ; — 

Temperature l.>® 100* aOT) 800“ 400* 4S0“ 

Tenacity in lbs. per sq. Ill 25,770 20,946 18,890 7,937 3,807 2,205 

Aluminium ia distiiic«iiJshod bv a < leai ^ingin^ sound. Its oloctrir 
conductivity is given as 59 whin jmr«‘ copper is 100 Its S]Hicifie 
heat is 0 202. 

It molts at a rf*d h(«it betwcim OOO'" and 700®. At a higher 
lompc^ratun it volatilises, but th(‘ oxaof bcahng jioint has not yet 
been accuratel} detenninc'd As its specific heat is high it needs 
much heat and some timi^ t(» fuse , and as it« latent boat is also great 
it takes a long time* to cool and solidify Aecoiding to Deville, when 
it IS cast into small bars, it is Hcvend hours before these can be held 
in the hand. There is a dunmution ol volume during solidif} ing, the 
shrinkage being 1*8 per cent of the original volume. 

Aluminium may bo readily plated with gold and silver. There 
arc great difficulties in the way of plating with iron, copiier or brass. 

With regard to the influence of other elements in small quantity 
on the properties of aluminium, it is well known that 1 to 2 percent, 
of silicon does not render the metal noticeably less soft and tenacious 
in the cold, but decreases its malleability when hot. More than 2 per 
cent, of silicon makes the metal brittle and short. 

Quite small quantities of carbon seem to deteriorate the valuable 
qualities of the metal altogether.* 

Large quantities of iron make it hard and brittle. Aluminium 
with 10 per cent, of iron is as brittle as native sulphide of antimony. 

Nickel in quantity has the same effect ; with 3 per cent, alumi- 
nium is still workable, but harder and more clastic than when 
pure. 

Zinc in quantities above 3 per cent, renders it hard and brittle, 
with less than 3 per cent, of zinc the metal is harder than when 
pure, but still very workable. 

Bismuth also produces brittleness. With only per cent, alumi- 
nium shows olefbs under the hammer even when repeatedly annealed. 

Copper in quantity has the same effect, but up to 5 per cent, 
leaves aluminium still workable. With 10 per cent, it is as brittle 
as glass. Copper containing aluminium is hard, elastic, and easily 
rolled both cold and wann. 

^ Dammer, Chtm. Technology, vol. 2, p. 204. 

* Borobers, Elektrometalturgie, p. 98. 
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Chemical Properties of Aluminium and of its Compounds 
WHICH ARE Important in its Extraction 

Compact aluminium does not oxidise in either wet or dry air at 
the ordinary temperature. When melted it oxidises very slightly 
and becomes covered with a thin deposit of the sesquioxide, which 
prevents further uelion. It is, however, easily oxidisable when in 
fine division or in thin leaves ; it then burns, if heated in a gas- 
ilaiiie, with a dazzling light, and forms the sesquioxide. If it is fused 
with saltpetre, it is not oxidised at a dull red heat, but forms potassium 
aluminate when further heated. At a strong white heat it burns 
suj)erficially to form the sesquioxide, but here again a thick laycT of 
this oxide stops further action. 

When melted it reduces many oxides, for example, those of iron, 
load, copper, carbon, silicon and boron, forming alumina. Any 
aluminium remaining combines with the element thus separated. 
Alumina, the sesquioxide, is not soluble in metals, and does not 
deteriorate them when present; therefore aluminium forms a good 
agent for purifying metals containing their oxides, and superior to 
other elements similarly used for refining (such as silicon, jihosphorus, 
manganese, magnesium and sodium). 

Aluminium is not attijcked by water, either when boiling oral thi‘ 
ordinary temperature. At a n»d heat steam hardly attacks it ; at a 
whitt* heat only superficially and slightly. 

Aluminium leaf boiled for many hours wdth pure water is entirely 
converted into alumina, hydrogen being set fn*e. 

Mylius and Rose^ find that water containing air acts upon 
aluminium so tluit small quantities of hydrogen dioxide are formed 
wdiich disappear during the oxidation of the metal. 

At a high temperature sulphur combines directly with the metal 
to form the sulphide (AlgS^), while sulphuretted hydrogen has no 
action on it. In this respect aluminium has an advantage over 
silver, which is blackened by sulphuretted hydrogen, the sulphide 
being fonned. 

Chlorine, bromine, iodine, boron and silicon combine easily with 
aluminium. 

It is hardly attacked by dilute sulphuric acid, but dissolves in the 
hot concentrated acid. 

Nitric acid, whether dilute or concentrated, does not act on it in 
the cold. It is slowly dissolved by the boiling concentrated acid. 
Hydrochloric acid dissolves the metal, more easily in proportion as 
’ ZtiUchr.f. Imtrum.^ 1893, p. 77. 
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more concentrated ; it therefore forms the best solvent. Potash and 
soda lyc dissolve the metal energetically ; hydrogen is given oflF and 
potassium or sodium alurainate formed. Fused alkalies^ with not 
moi*(' than one equivalent of water, do not attack aluminium. 

Aqueous ammonia attacks it only slightly, gaseotrs ammonia not 
nt all. Lime water acts like potash and soda lye. Oigauu* acids 
have no action in the cold, and only a very feeble one when warmed. 

Finely divided aluminium will bum with flame' in a stre^am of 
chlorine, fomiing the chloride. 

The metal is attacked by aqueous solutions pf the carbonates, 
phosphates, silicates, borates and sulphides of the alkalies. 

A solution of aluminium chloride acts energetical ly on the metal, 
forming a basic chloride. A solution of alum mixed with common 
Milt dissolves aluminium, giving off hydrogen, and forming a basic 
chloride. 

Aluminium does not throw down any eltKstro-ucigative metal from 
its solution as sulphate ; it does slowly, and with difficulty, deposit 
them from their nitrates, but quickly and readily from their chlorides 
(for instance, silver, copper, mercury, load, thallium). 

It precipitates silver, lead and zinc from their alkaline solutions. 

Amongst the materials used as fluxes, carbonates and sulphates 
iif alkalies, also silicates and borates, are found to have a specially 
injurious effect on aluminium. Silicon and boron will be set free 
from the two last; and silicon combines in all proportions with 
aluminium, and is always taken up, if excess be present. Silicates 
and borates should, therefore, not be present during the production 
of the metal. Haloid compounds of aluminium attack the metal. 
The least injurious fluxes are common salt and calcium fluoride. 

It is best to fuse aluminium without any flux. 


Aluminium Oxide: Alumina (AlgOg) 

ib found naturally as corundum, sapphire and cunery. It is obtained 
artificially, by igniting the hydrate, in the form of an amorphous 
white powder, which is insoluble in water, and difficultly soluble in 
acids. It may also be obtained in the same form by igniting alumi- 
nium sulphate, and ammonia-alum. It molts at a very high temper- 
ature to a clear, colourless liquid. It is split up by an electric 
current into aluminium and oxygen. It is reduced to metal by 
carbon at the high temperature of the electric current. It acts as 
acid radicle to many bases (alkalies and alkaline earths), and forms 
aluininates. The best known is sodium alurninate, AyNaO)^,. 
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Alumina forms several hydrates with water, from A]202(0H)2 to 

ai*(ohv 

These hydrates occur naturally as diaspore, bauxite and hydrar- 
gillite. Artificially, a hydrate is obtained by precipitation from 
an alkaline aluminate with carbon dioxide. Thus with MKlium 
aluminate : 

Al 2 (ONa)o + mp + 3CO2 = Al2(OH)^ + SNagCOa. 

This gives a loose white powder soluble in acids. It acts as an 
acid with oxides of the alkalies and alkaline earths. 

Aluminium Chlouide (AlgCl^) 

is obtained by burning the metal in chlorine. In Oerstedt’s method 
it is obtained by igniting an intimate mixture of alumina and char- 
coal in a stream of chlorine : 

AI2O3 + 8C -h 8CI2 - AI2CI3 +3CO. 

If the hydrate is dissolved in hydrochloric acid and the solution 
evaporated, the anhydrous chloride cannot be obtained, as the solution 
splits up into alumina and hydrochloric acid. Aluminium chloride 
is colourless, gives oflf vapours in the air, and absorbs moisture from 
it. At high temperatures (below its melting point), it volatilises 
easily. If these vapours act upon aluminium at a red heat in an 
atmosphere of oxygen, the oxychloride is formed. If aluminium is 
heated to 1,300“ in a tube containing vapours of the chloride in the 
absence of air, small drops of the fused metal are deposited in the 
cool parts of the tube (Troost and Hautefeuillc). The explanation 
seems to be that a gaseous lower chloride is formed, and then 
discomposed. 

Aluminium is not successfully separated from the chloride by an 
electric current, because this compound volatilises before it fuses. 
The decomposition goes on properly, however, if the easily fusible 
double chloride with sodium is used. This double salt was formerly 
used to obtain the metal. Aluminium fluoride can be obtained 
acconling to Grabau, by decomposing cryolite (Al2F<,6NaF) with 
aluminium sulphate, sodium sulphate being formed at the same 
time. The substance obtained is a white powder, insoluble in water. 
It is decomposed by sodium at a red heat, aluminium in the 
mi'tallic form being deposited while an artificial cryolite (aluminium 
and sixlium fluoride) is formed. Grabau bases his method for 
extracting aluminium upon this reaction. 
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Aluminiitm Carbide 

It was formerly thought that aluminium did not combine with 
carbon. Moissan^ has very recently succeeded in making a com- 
pound of the formula C3AI4, by heating them in an electric furnace 
in an atmosphere of hydrogen. The substance forms yellow trans- 
parent crystals. 

According to Borchers,^ when alumina and coal are lH*nted in an 
electric furnace, a gray sintered mass is obtained, which, when cold, 
is brittle and crumbling, and consists of aluminium, aluminium 
carbide, carbon, and various impurities originating in the coal. 

He states also that quite small quantities of earbon will render 
aluminium unfit for commercial use*. 

Salts in which aluminium acts as a base an^ derived from the 
oxide AI2O3. The metal is not precipitated by othiT metals from the 
aqueous solutions of these salts. It hm not so far been sepirated 
by an electric current. The hydrate, and not th(‘ metal, is thrown 
down when the solutions are electrolysed. 

SlLICON-ALUMINllTM 

is obtained when aluminium is mclt<*d with silicates. In this way a 
compound containing 70 per cent, silicon can be obtained. A portion 
is dissolved in the aluminium, and another part seems to be m(*chani- 
cally mixed like graphite in pig-iron. When silicon-aluminium is 
treated with hydrochloric acid, part of the silicon escapes as 
siliciuretted hydrogen, another passes into solution as silica, and a 
third part remains behind as a block powder. 

Alloys of Aluminium 

Aluminium alloys with most metals. It combines easily with 
potassium and sodium. An alloy containing only 2 per cent, sodium 
decomposes water. 

It also alloys with calcium and magnesiuiii. 

It combines with iron in all proportions, and separates carbon 
from it very much as silicon does. The alloy is very hard and 
brittle. Aluminium present in iron in small quantities lowers its 
melting point, and increases its strength, hardness and ductility. 

It behaves in the same way with nickel and cobalt, the alloys 

‘ ZeitMchr. fur Ehktroltchnik umi Ehktrorhtmie^ 1894, vol. vi. ; Compton Henvdnu^ 
vol. cxix., 1894, part i., p. 16. 

? Efektrometailuryie^ p. 98. 
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being brittla But an alloy containing up to 3 per cent, nickel carj 
be worked^ and is harder and more elastic than pure aluminium. 

It easily unites with sine, of which more than 3 per cent, produces 
brittleness. Alloys of zinc, copper and aluminium are used to solder 
aluminium. 

Alloys with tin are also easily formed; and arc used to solder 
aluminium. Lead and antimony combine very imperfectly with 
aluminium. 

Bismuth easily unites with it, forming brittle substances, very 
(|uickly oxidised at the ordinary temperature. 

Copper and aluminium form alloys in all proportions. Whilst 
a little Goppeu* deteriorates aluminium, and 10 per cent, makes it as 
brittle as glass, on the other hand a small proportion of aluminium 
improves copper. Copper containing up to 10 per cent, aluminium 
is distinguished by great hardness, strength and tenacity, and, 
under the name of aluminium bronze, has found manifold technical 
uses where those qualities are essential. The bronze comes into 
competition with tombae, phosphor-bronze, manganese-bronze, delta 
metal and steel. 

If the copper contains more than 10 per cent, of aluminium, the 
alloy will be brittle. Below 10 per cent, the tenacity increases 
rapidly. Cast aluminium bronze, containing 5 per cent, aluminium, 
breaks at a strain of 25 tons per s(]uare inch with an extension of 64 
per cent, on a 4 inch si)ecinien. An addition of silicon increases the 
former to 50 tons per square inch, and decreases the latter to 1 per cent. 

The c»)lour of the bronze is bluish-white if there is more than 
20 per cent, of aluminium ; with between 20 and 15 per cent, of this 
metal it is pure white ; with less proportion of aluminium it gradually 
becomes yellow ; 5 per cent, gives a gold yellow ; 3 per cent., a rod 
gold colour. 

The melting point of bronze with 10 per cent, of aluminium is 
jibout 950® ; it makes good castings. 

A small quantity of aluminium (1 to 2 per cent.) has a good effect 
on brass ; it makes it more limpid when molten, and increases its 
strength and tenacity. 

Aluminium does not unite directly with mercury, apparently 
because the fii'st attack of the mercury is prevented by the slight 
film of oxide on the surface of the metal. An amalgam is formed 
when aluminium forms the cathode in the electrolysis of a mercury 
salt, or if the metal is moistened with caustic alkali, or if its surface 
is scraped under mercury. It loses its lustre in the amalgamated 
state, and in the air forms the oxide with evolution of heat. 



ALUHIKIVU m 

An alloy of i^ual quantities of aluminium and silver is m haid an 
bronze. 

Gold containing 1 per cent, of aluminium has a green colour , with 
10 per cent, it is white and brittle; with 22 per cent, deep purple, 
and possesses a melting point about 20* V higher than that of pure 
gold.i 


MATERIAL FOR THE FXTRACn’ION OF XLLMINTITM 

Aluminiun), after ox>gen and silicon, is the most abundant 
element on the globe , yet tlieu are very few mini rals which lend 
themselves to its extraction 

The most common, clay, feLs^rar, mica and kaolin, and the rocks 
of which these minerals form the constituents, have not yet benm 
utilised at all to product aluminium 

Biiuxite, cryolite, and minerals containing aluminium suljihate, 
are the only projier aluminium or* s Oonmduin has been ushI so 
far only in making alloys. 

Bavantc is a mixture of aluminium and ferric hydrates, and was 
tirst found in tht‘ district Baux, near Arles, in Provence. It was 
discovered later on in other iiarts of the South of France It also 
occurs in the Departments Var and Bouches du Rh6ne over a length 
of 95 miles in beds of a thickness amounting in places to between 
()5 feet and 95 feet.^ Beds have also been found in Carniola.Nassau- 
H(‘sse, Ireland, Calabria, Senegal, Georgia and Alabama. 

The composition of various kinds of French bauxite may hi' seen 
in the following analyses:^ No. I is from Villeveyrac (Ht^rault), 
II from Nas de Gilles at Baux, III. from Paradon at Baux, IV. is a 
silicated bauxite at Villeveyrac, V a silicated bauxite from Baux 


Alumina 

1 

7H 10 

II 

57 6 

111. 

43*20 

V 

58 1 

Alumina with titanic and 



— 

18 

— 

— 

Feiric oxide 

1*02 

25 3 

60 

7*25 

38 

Mihca 

5 78 

5*9 

4 

34*40 

24*9 

Water 

15*10 

— 

— 

16 15 

14*2 

W ator and calcium carbonate 

- 

11*2 

18 

— 



The following is the composition of a German bauxite from 
Miihlbach, near Hadamar, in Nassau-Hesse — 

Alumina 
Ferric oxide* 

Rilioa 
Chalk 
Magnesia 

Water and loss by heat 

^ W. C. Roberts-Austen, Proc. Roy, Sor , 1892, p 367 

* Reinie Unw. det, 1863, xiv , 387. 

* Knab, Mitailnrq^e, p. 581. 


55*610 
7 170 
4*417 
0*386 
trace 
32*330 
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The following are three specimens of a variety called wochenite 
from Feistritz, in Carniola, analysed by G. Schnitzer. 


Alumina 

JJruw'ii WtK'hoiiito. 

44*4 

Yellow Woc-houlto. 

64 1 

White Wooheiilt 

64*0 

Ferric oxide 

30*3 

10-4 

2*0 

Silica . 

2r>o 

12*0 

7*6 

Water and loss by heat 

9-7 

21-9 

24*7 


Bauxite is first convertotl into alumina, which is tht* proper 
material from which to extract the metal. 

Gi'yolitey a double fluoride of sodium and aluminium of the 
formula Al^F^+fiNaF, occurs at Ivitut in the Bay of Arsuk in South 
Gn*enland, where it forms an extensive deposit. At the surface it is 
whitts at 1 0 feet deep it is blue-green, at 1 5 feet it is black, and 
transparent at the. edges. The darker kinds become white when 
ignited. 

The composition of pure cryolite is as follows : — 

Aluminium 1 3*07 per cent. 

Sodium 33*35 „ 

Fluorine 53*58 „ 

Cryolite can bo worked up directly into the metal, or first 
converted into the oxide. 

Alum can be obtained from certain rocks and minerals containing 
aluminhim sulphate ; it is used as a source of alumina, and from the 
latter the metal is obtained. Such minerals are ahm -earthy alum^ 
sluthy almi-stone or almiitey hair-salt or aliinogeny ahiminitv. Conm- 
duviy which forms rubies and sapphires when in its purest forms, is 
used as an ore for aluminium in its impure form, in which it is 
known as emery. This is found at Naxos in (Greece, and at Chester 
in Massachusetts, and has recently been discovered in large quan- 
tities in the States of North Carolina and Georgia. 

The ExTRAcnoN of Aluminium 

Aluminium can be obtained in the dry way and by electro-metall- 
urgy. Its extraction in the wet way, as a deposit from aqueous 
solution, has hitherto been found imj)o8sible, as no metal has been 
found to precipitate it ; neither has its deposition from such solution 
by an electric current been found possible. 

The extraction by a dry method is confined to the decomposition 
of certain fused halogen compounds of the metal by sodium, or 
magnesium. Aluminium is then separated as metal, while the 
sodium or magnesium combines with the halogen. Such jcompounds 
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are the double chloride of aluminium and sodium, cryolite (AlgTaONaF), 
and aluminium fluoride (AljF^j), which are chiefly used in the pro- 
duction of the metal. 

The process in which the double chloridi* of aluminium and 
sodium is used is the oldest. It was used tor a long time, but it is 
cfistly, and has been supplanted by an electi'o-metalluigical method. 

The process of sejiaration from cryolitt* by sodium^ wafi used only 
11 short time ; the coat was too great, and thc» yield of ineta’ from 
<Tyolite, which contains onl) j>er eent., is too small. 

The production of aliiininiuui from the fluoride ^'Orabau’s proress) 
has hanlly yet come into definite* usi*. 

Apart from these proceasos (of which the tw<i first have been 
carried out with mast varied practical modifications), there has been 
no lack of proposals for the oxtraotion Soiut of these have never 
biM‘n tried at all, and others have not been able to survive trial . thc*s(» 
may therefore be passed over. 

Electro-metallurgical methixls have been confined up till now to 
fusible compounds of the metal, in contradistinction to aqueous solu- 
tions. Such ccunpounds are first fuscnl and then ile(‘oniposed by an 
electric current. The sources employed are alumina, the haloid 
1‘ompounds, and the sulphide. A separation of the metal from its 
silicates has not been achieved so far. The fact that the current 
may be used first to fuse the halogen compounds causes a ctmsider- 
able economy in the process, so that the other methods, in which such 
eomjiounds have* to be fused and then r(»duced by sodium, cannot 
eompete with this one, and are falling into disuse. 

The production of pure aluminium on a large scale by an electric 
current has only quite recently been achieved. The difficulties arose 
from the aluminium taking up carbon from the carbon cathcxle, or 
from the carbon used to reduce the alumina ; from the volatilisation 
of part of the metal ; from difficulty in collecting the metal into a 
solid mass ; and from the aluminium vapour being caused to ignite 
by carbon monoxide. 

The precursors of the method for making pure aluminium were 
those for producing aluminium alloys by the electric current, par- 
ticularly Hiroult's process. This consists in fusing alumina by the 
current, and electrolysing it between sticks of carbon as anodes and 
fused metals as cathodes. Aluminium is deposited at the cathodes 
and combines with the fused metal there to form an alloy. The 
oxygen set free at the anode bums with the carbon there to carbon 
monoxide. 

Previous to this process for making alloys, a similar one, invented 
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by Cowles Brothers, was carried on to a large extent in the United 
States. In this, however, opinions differ aiMto the action of the 
current. A mixture of alumina, wood charcoal, and the metal (or 
the oxide of the metal), with which the nluminium was to be alloy^, 
was subjected to the action of a current between two carbon poles. 
Aluminium was separated, and combined with the motal, which was 
usually copper, to produce aluminium bronze. 

Authorities are not agreed as to the exact action of the current in 
this case, wh(»ther it is solely electrothiTmic or partly electrolytic 
also. In the first case the alumina is reduced by carbon, in the 
second it is split up by the current into aluminium and oxygen 
Hampe ^ has concluded, as the result of his own experiments, that 
the action is at first clectrothermic, but afterwards essentially 
electrolytic. Borchers ^ takes the view that the alumina is reduced 
to metal by the electrically heated carbon. He bases his decision on 
a simple experiment, which is described below 



A thin carbon pencil WT (Fig. 344) of about one-eighth of an inch 
m diameter and two inches long, is made fast between two strong 
sticks of carbon JiT one inch or one and a quarter inch in diameter. 
This pencil passes lengthwise through a small cylindrical paper shell 
filled with an intimate mixture Af of alumina and charcoal 
(obtained b}’ repeated mixing and igniting aluminium hydrate and 
tar). Two small cork discs close the ends of the cartridge. After 
the latter is well covc^red by coarsely-powdered wood charcoal, the 
whole* arrangement is put into a circuit in which a current of 35 
to 40 amperes is passing, and remains there two or three minutes, 
l^he cartridge thus heated is sufficiently cooled, and when the charcoal 
powder has been removed the central pencil is found to be covered 

^ Chtmiber Zeituiiff, 1888, p. 391 
~ JSf/etframeta/htn/ie, p. 97 
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with a sintered mass, which consists of aluminium strongly impreg- 
nated with carbon. The absolute impossibility that a spark should 
be produced in this exjierimcnt will be quite obvious, and there 
can be no sign of an electrolytic decomposition os long as there 
IS no break in the current within the mixture. It need hardly be 
mentioned that if copper or copjier oxide be added to the mixturt* 
aluminium bronze* will be prodifAced, With this simple aiTaiigemont 
It is an easy matter to show by exjioriment that every nu'tallic oxide 
IS reduced by carbon at a suilicientlv high teiuperatim*.^ 

It thus appears that in the* Powles process alumina is nsluced 
by carbon, and that the current simply supplies the necessary heat. 
This and the H^roult process are desc*ribed at greatei length 
later on. 

Ahiminium is priuci[)aliy exirat*ted at the present time b} th<* 
agency of electricity. 

We must classify methods into - 

1. Extraction in the dry way. 

2. Extraction by the agency of an electric current 

3. Extraction of aluminium in the form of alloys. 

As it is not possible to refine tht* metal it musl be produ(*ed in 
the pure state. This consideration renders the process one of the most 
difficult. 

1. EXTiucrrioN of aluminium in the dry way 

Since this method is no longer practised, it will only hv necessary 
to pass the various processes in short review, although they are very 
important in the metallurgical history of aluminium, and formed 
for a long time the chief branch of the industry. They are all based 
on the decomposition of fused halides of the metal by sodiiini or 
magnesium, as already mentioned. The (ddest process in which 
aluminium and sodium chloride was used, was invented by Dcville and 
improved by Castner. 

In certain works cryolite is used instead of this double chloride, 
as in Netto’s process, and finally Grabau suggested aluminium 
fluoride. 

A. Deville*8 Procesb 

This was based on the experiments of Wohler, who had obtained 
aluminium in 1827 by decomposing its chloride by potassium. In 
1864 Deville substituted the much more suitable double chloride, 
replaced potassium by less costly sodium, and so made the production 
of the metal possible on a large scale. 

ElekirometailurgUf p. 104. 
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The process consisted in heating the double chloride, mixed with 
cryolite as a flux, with sodium in a reverberatory furnace at a 
gradually increasing temperature, when aluminium and sodium 
chloride were formed. 

At the Salindres Aluminium Works (Oaijrd), the largest in France, 
bauxite was the source of the double chloride of aluminium and 
sodium. It had to bo first converted into aluminium hydrate, which 
was hi‘ated alone to 150®, and then converted into the double chloride 
b}' ignition with salt and coal in a stream of chlorine gas. 

The production of the pure hydrate from bauxite was effected by 
fusing it with soda to form .sodium aluminate, lixiviating this com- 
pound with water, and treating the solution with carbon dioxide, 
which threw down aluminium hydrate. For this purpose bauxite was 
jjowdered and intimately mixed with soda, and the mixture fused in 
a reverberatory furnace of the Lcblanc-soda pattern. (A charge 
consisted of 91 cvvt. of bauxite and 0 cwt. of soda, and was ht*ated 
five or six hours.) Thus the alumina becuimc' converted into sodium 
aluminate, while the iron oxide was unattacked. 

The aluminate was washed out by water in cylindrical vessels of 
iron plate, with double bottoms and linen filters. The liquid was 
transferred to special vessels, each holding 264 gallons, and there 
treated with carbon dioxide obtained from chalk and hydrochloric 
acid. Sodium c^arbonate was formed and remained in solution, while 
hydrate of alumina was precipitated. The vessels were provided 
with agitators, and had double bottoms, through which steam was 
led during the precipitation for five or six hours : the temperature 
was kept up to 70® C. 

The precipitate and the solution were brought into a special 
vessel, in which the former subsided and the liquid was poured off. 
The hydrate was ready to be converted into chloride after repeated 
washings. It then contained 47 ’5 per cent, of alumina, 60 per cent, 
of water, and 2*5 per cent, of sodium carbonate. 

The solution of sodium carbonate separated from the precipitate 
was evaporated down and used again to convert bauxite into sodium 
aluminate. 

The hydrate of aluminium was next mixed with sodium chloride 
and finely-powdered wood charcoal, and the mixture made into balls 
the size of the fist, with a little water, and dried at 150® C. The 
dried balls were placed in an upright retort of fireproof clay, and 
heated to a white heat in a current of chlorine. The volatife double 
chloride of sodium and aluminium was thus produced, and was 
collected in condensing chambers attached to the retort, while the 
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carbon monoxide formed, -and the excess of chlorine, passed off 
through a chimney. 

The arrangement of the ap|)aratus can be seen in Fig. 345. Ji is 
the retort, F the grate, F the fire-bridge ; n, a, are the flues, 0 is the 
opening to admit chlorine, which enters the retort by a porcelain 
tube ; Z is the condensing chamber for the double chloride, fumishi^ 
with a movable co\er M. Sometimes large earthen pots w*>re used 
instead of this chamber, with covers well luted down. I’he iiicon- 
densible vapours were led tiirough a tube in the cover inlo the 
throat of the chimney. The balls weiv placed in the retort through 
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the opening Z, closed by a cover. The residue after firing was 
removed by an opening V m the bottom of the retort, closed by a 
brick slab, forced upwards by means of a screw. 

After the balls had been put into the retort, heat was applied to 
remove water from the aluminium hydrate ; after it had passed off 
chlorine was led through and the temperature raised gradually to a 
white heat. Chlorine was absorbed during the whole operation, and 
the double chloride appeared in the condensing chamber as a 
ciystalline mass with a yellow colour (due to ferric and ferrous 
chloride). The reaction is shown in the following equation — 

AljO, + 2NaCl + 3C + 301*= SCO + AljCle2NaCl. 

One distillation lasted 12 hours. Towards the close the absorption 
of chlorine became irregular. 
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The sepamtion of aluminium from the double chloride took place 
with the assistance of cryolite as a flux. This was necessaiy to aid 
the small portions of metal separated to run tog'cther. The mixture 
consisted of 220 lb. of the chloride, 100 lb. of cryolite, 77 lb. sodium. 
The first two were in the form of powder, the sodium in pieces 
about rV to ^ of a cubic inch. The mass, divided into four portions, 
was charged into a r(‘verbei*atory furnace with a well and sloping bed 
at a low red heat. The heat was regularly increased for three hours, 
after which the separation was complete, and the tapping was pro- 
ceeded with. First, the slag was run into iron waggons, then the 
aluminium into heated cast-iron ladles, and, lastly, a mixture of 
sodium chloride and cryolitt* containing small portions of aluminium 
was tapped into another cast-iron ladle. To cast it into bars the 
aluminium was poured into small cast-iron moulds; the grains of 
aluminium separated out from the mixture tapped last. 

The sodium was prod#ed by heating a mixture of sodium 
carbonate, coal and calcium carbonate in iron tubes. 

In 18K2 th(' cost of production of aluminium by this ])rocess was 
about thirty shillings a i)ound (80 fr. per kg.).^ The market ];)rice in 
Berlin in 1885 was about X2 18s. per pound (180 m. pi*r kg.). At 
pn'sent it is made by the electric process at less than two shillings a 
])ouiid <4 m. per kg.). 

B. The ProcesH of Devilh and J. Costner 

This is the Deville proc(»ss improved by Castner. The im})rove- 
ments consist in a cheaper production of alumina and of sodium, 
in making chlorine by the Weldon process, in producing th(‘ double 
chloride free from iron, and in using plant of gn^ater cai)acity to 
make and to n'duce the chloride. The process was carried out at 
( )Ulbury , near Birmingham, and brought down the cost of production 
to about twenty shillings per ])ound (44s. p(*r kg.). It has also 
b(H‘ii replaced by the electrical method, and has gone out of use. 

The alumina was made from alum by Webster’s process.- Tht^ 
alum was mixed with tar and ignited. Th(» mass, after ignition, was 
treated with hydrochloric acid to decompose any sulphides produced, 
then mixed with powdered wood charcoal and ignited in a retort in a 
current of steam and air. After this ignition the moss was lixiviated 
with water, ])Otaasium sulphate went into solution, and alumina 
remained behind. 

The double chloride was made in clay retorts 10 feet long, five of 

* Wiirz, Watjner^g Jahivaherichf, 1882, 122. 

* Warjner'a Juhrettiiericht, 1883, p. 153. 
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which were enclosed in a reverberatory gas-fired furnace of the rf» 
generative type ; the proceas was similar to Deville’s. Chlorine was 
made by Weldon’s process in a neighbouring works, and led into a 
gasometer by earthenware pipes; it passed from this at constant 
pressure into the retort. Castner had a process, kept secret, for 
removing the chlorides of iron down to 0*01 per cent, from the double 
chloride, whereas originally iU> admixture gave the substance a pale 
yellow, or oven dark red, cedour, :**nd caused the aluminium produced 
to contain os much as 5 per «.ent. of iron. 

In Costner's process sodiunt was made^ from caustic soda and 
carbide of iron, which latter was produced by heating ferric oxide 
with pitch (70 parts iron to 30 of carbon). According to Roscoe the 
iron of this compound does not enter into the reaction, which takes 
place in accordance with the equation : — 

3NaOH + C « Na CO3 + 3H + Na. 

The great advantage of this method for obtaining sodium is that 
the caustic soda is kept in the fused state by the action, which is 
not the case when oidinar} soda is used. Further, if soda-ash is 
us(m1, vessels of \ery small diainelei must he omplo\ed to ket‘p uj» 
the t<»mperature necc^ssary foi r(‘duction. In Cabtiier’s process egg- 
shaped steel vessels, 2 feet long, and 1^ feet in greatest diaint'ter, 
were used for the decomposition, they held 80 lb. charges. The 
eovei*s of these were fixed, while* the* vessels themselves, which ste»od 
on one of the movable jilates closing the furnace hearth, could he 
moved up to the covers by hydraulic pressure, making an air- tight 
joint. 

The vapours of sodium were leel through a tube* in the cover of 
each veHSi‘1 into a special inclined cylindrical condenser, feet long 
and 5 inches in diameter. The condensed sodium flt»wed through an 
opening three-quarters way down this eondeiiser into a vessel fill(‘d 
to a certain height with petroleum, in which it solidified. The 
incondensible gases passed out at an opening at the end of the 
cylinder. The distillation lasted 1 or 2 houi-s. During this time 
about 7 lbs. of sodium collected in the receptacle. From 560 lbs. 
of soda, 67 lbs. of sodium and 540 lbs. of sodium carbonate were 
obtained; the latter was reconverted into caustic soda by lime. 
Sodium can be produced by this method at less than a shilling a 
{K)und (2 m.per kg.). 

The decomposition of aluminium-sodium chloride by sodium was 
carried on in gas-fired reverberatory furnaces with sloping hearths 
1 German patent, No. 40,415. 
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6 feet square. To 11 cwts. of double chloride 5^* cwts. of oiyolite were 
added, and then H50 lbs. of sodium cut into slices by a machine : 
the whole was then intimately mixed in druma From this chaif^e 
a little more than 1 cwt. of 99 per cent, alummium was obtained : 
the impurities were a few tenths per cent, of silicon and iron. 

C. Nettcts Proem 

This produces metallic aluminium by decomposing ciyolite with 
sodium ; the latter is obtained by reducing caustic soda with coal. 
It used to be practised at Wallsend, near Newcastle-on-Tyne, but 
has been given up. 

About 200 lbs. of cryolite and lOO of salt were fused together for 
1^ hours in a reverberatoiy furnace, and the fused mass transferred 
to a converter, previously warmed. Then sodium, in lumps of about 
5J lbs. weight, was pressed down to the bottom of the converter, 
by two workmen, with a ])lungcr, until about 44 lbs. of sodium had 
been put in. The sodium decomposed the cryolite, setting aluminium 
free and forming sodium fluoride, which passed for the most part 
into a slag, a small (juantity being given off as white fumes. During 
the action the mass, which was syrupy to begin with, became quite 
liquid, and aluminium collected at the bottom of thi^ converter. 

Although the specific gravity of solid cryolite is 8, and that of 
solid aluminium only 2*7, molten aluminium, neverthehsss, sinks in 
molten cryolite, because* cryolite* expands very considerably in melting, 
and so becomes lighter, whereas aluminium expands very little. 

Tin* slag was poured into a special iron vessel, and then the 
aluminium into another, also of iron, in which it solidified. From 
40 lbs. of sodium, 10 lbs. of aluminium were obtained. The slag con- 
tained 40 }K'r cent, of sodium fluoride, 43 per cent, of sodium chloride, 
15 j)er cent, of ciyolite, 0*75 per cent, of metallic aluminium and a 
small quantity of alumina. If a metal free from iron and silicon was 
desired, the sodium added was only one-third of that necessary to 
decompose the ciy^olite. Then iron and silicon were reduced at the 
same time ns aluminium and taken up by the metal. The fused 
mass was separated from these metals by pouring it into a second 
converter, where metal with 98 to 99 per cent, of aluminium was 
obtained by the further addition of sodium. 

The 0 75 jier cent, of the metal in the slag was removed by 
copjier, and formed aluminium bronze. The slag was then worked up 
into cryolite and Glauber's salt, by the addition of aluminium sulphate. 
The following reaction took place : — 

12NaF -b Ay 80^)3 = Al2F3,6NaF 4- SNa^SO^. 
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The sodiukn sulphate was washed out of the fused mass, and 
cryolite remained as residue. 

To make the sodium, Netto allowed fused caustic soda to drop 
on a layer of red-hot coke which was at the bottom of an upright 
cylindrical retort of cast-irou or cast-steel, co\rered by a jacket of 
clay. Part of the soda was reduced to sodium in the state of vapour, 
the remainder forming sodiuia carbonate. The vapours ot sodium 
were condensed in receivers atta^^hed to the upper part of the retort, 
and collected in a vessel coi jaining oil. The sodium carbonate in a 
fluid state collected at the bottom of the retort and was removed 
from time to time. 'J'o produce 1 lb. of sodium and 0 lbs. of soda 
blag containing 60 ])er cent, carbonate, required 6 lbs. of caustic soda, 
12 of coke, ] A of wood charcoal, the retort consumption being equal 
to 1*2 lbs. of cast-iron. 

This process of Netto, oarefhlly thought out as described, cannot 
jM).ssibly compote with the olcctiolytic method. 

D. Orahau*s Process^ 

This consists in decomposing alumiuium fluoride (AljF^) with 
sodium according to the equation : — 

+ 6Na = 2A1 + Al,Fe,6,NaF. 

Thus besides the metal an artificial cryolite is obtained which is 
used to make aluminium fluoride. This is made from aluminium 
.sulphate, cryolite and fiuorsiiar. A solution of aluminium sulphate* 
(Al 2 (S 04 ) 3 ) is wanned with powdi*red fluorspar, and thus gypsum 
is formed by part of the sulphuric acid with its equivalent quantity 
of calcium, while the other part is united with the fluorspar forming 
an aluminium sulphate and fluoride. This takes place according to 
the following equation : — 

AL, (804)3 + 2CaF2 = AI3F4SO4 -h 2Ca804. 

The solution is evaporated down to a pasty consistency after 
separating the gypsum and undccomposed fluorspar, and then mixed 
with enough cryolite to enable the whole of the sulphuric acid to 
combine with the sodium: — 

3 AI 2 F 4 SO 4 + Al^F^-eNaF = 4Al2Fe + 3Na2S04. 

After dr 3 ^ing and igniting the whole, the sodium sulphate is washed 
out and the residue of aluminium fluoride is ready for the metal- 
lurgical process. This compound is therefore continually regenerated, 

^ German patents, Noe. 47,031, 48,535, 51,808. 


T T 2 



644 


METALLURGY 


while new supplies of aluminium sulphate, fluorspar, and sodium are 
needed. 

At the beginning native cryolite must bo used instead of the 
artificial compound yielded in the process, although this mineral is 
always rendered impure by spathic iron ere and silica. The alumi- 
nium fluoride is heated before the process begins, but not to fusion ; 
the sodium is fused beforehand. 

The arrangements for carrying out this process are to be seen in 
Figs. 346 and 347.^ x and y are vessels for the heating of the 
substances used. They are made of cast-iron and lined with 
burnt fire-clay. In x the aluminium fluoride is warmed, in y the 
sodium is melted, x is closed by a sliding piece v at its lower end, 
y has a stopcock t B is the fire-place, Zy Z are the flues, W the 



lower part of the chimney. M is the vessel for the reduction, hung 
on trunnions. It is formed of hollow iron walls cooled by water which 
passes in and out by the tubes g, g. N is the vessel which receives 
the molten mass after the action, and is likewise jacketed with water 
which flows in and out at g\ g\ 

When the process is started, x is filled with aluminium fluoride 
(or ciyolite if it is an initial process) and y with siKlium. When the 
fluoride is red-hot (which will be known by its giving off white 
fumes), the sodium is tapped by turning the stop-cock t into the 
vessel M. Then the slide v is drawn out and the powdered fluoride 
falls also into the vessel, where it collects upon and covers the molten 
sodium. The action which at once begins, disengages so much heat 
that the fluoride is melted. The length of time needed is only some 
seconds. Aluminium collects at the bottom of the pot. This is 
tipped up and its fluid contents emptied into the receiver S 

In this method more than 90 per cent, of the sodium is made use 

* Daninier, Chxm, Ttchuologit. Vol. ii. {MeidUurg%e)y p. 217. 
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of. It in made electrolytically from common salt, and chlorine 
obtained as a by-product.^ 

The process has not been an economic success, in spite of the 
fact that it is well thought out, and is the best of all those for which 
sodium is necessary, on account of the low cost of production of that 
metal. 

Beketoff* used magnesium instead of sodium for Jbhc extraction of 
aluminium from cryolite. This process was carried on for some time 
in certain works, e.g, in Hemolingen, but has been abandoned. 

2. THE ELECTROMETALLtJRGlUAL PftODLXTION (IV ALUMINIUM 

This has not been possible hitherto with aqueous solutions, for 
<»n]y hydrates of alumina are obtained by the electrolysis of 
solutions of its salts in water, or i. any solvent containing hydrogen 
and oxygtm. 

In the present state oi technological knowledge, aluminium 
must be obtained by electrolysing fused compounds. The first 
experiment of the kind was mad(* by Bunsen anfl Ihwille in 1864. 

Bunsen decomposed aluminium-sodium chloride, fused at 200®C., 
in a porcelain crucibh‘. This was dividend into two parts by a porcelain 
partition extending nearly to the bottom, and each part contained a 
carbon electn^de The carbon plate forming the anode was plain, 
but that forming the cathode was concave and had horizontal 
saw-like dej)ressions in which the molten metal collected. At a low 
tempcTature aluminium separated as powder. To avoid this undesir- 
able result the temperature was rai.sed that of the melting point 
of silver, and coiiiiiion salt was introduC(*d into the crucible. 

Buttons of aluminium wore then obtiiined in these depressions, 
they were put into strongly heat(‘d molten salt, wliere they united. 

Deville (h'composed the double chloride of aluminium and sodium 
similarly, using however a platinum cathode instead of carbon. His 
apparatus is shown in Fig. 348.* 

.S’ is a Hessian crucible in which is placed a porcelain one P. 2). 
is the cover, through which passes the cathode AT, a strip of platinum. 
The cover is also pierced by a porous clay cell R, which contains the 
anode a piece of gas-coke, hanging in it. The crucible and the 
porous cell were filled to the same level with the fused double 
chloride, and then the current was passed. Aluminium mixed with 

^ German |iatent. No. 51,898, 8 Oct., 1889. 

^ JahrcMherirfit der Chemie, 1885. 

> Borchers, Eteklrometalturgit, p. 114. 
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salt formidd a deposit on the cathode, and was removed from time to 
time by lifting the strip of platinum out of the crucible. The 
mixture of metal and salt was remelted and a button obtained. 

Attempts to manufacture aluminium upon these lines were beset 
by insuperable obstacles. No material could be found suitable for 
making vessels for fusing and electrolysing, for all that were tried 
were acted on by the fused haloid salts, or by the metal itself, at the 
high temperature, and impure aluminium resulted.^ Crucibles of 
siliceous material caused silicon to pass into the aluminium. Clay 
and graphite were attacked by the double chloride. Compressed coke 
cruciljles were so porous that they could not be heated unless sur- 
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rounded by thick jackets. Metals could not stand the temperature, 
they were attacked by their molten contents, and thus alloyed with 
the aluminium. Further, carbon was not suitable as the cathode 
material. According to Borchers^ the cohesion of the particles of 
carbon, in the cathode and crucible, was so loosened by the pene- 
tration of the metal into the pores that it appeared as though in a 
state of fusion. 

Thus we find that none of those electrolytic processes were 
successful that depended on heating vessels from outside while they 
contained aluminium compounds to be electrolysed in the fused 
state. They can now be passed over. The one thing to be done to 
make a process possible was to generate the heat within the vessels, 

1 Borcherfl, JSlektromefa/fuiyie, p, J15. 

® Borchera, for. r»V. 
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by means of an electric current. (Very recently, a proposal has been 
made to electrolyse aluminium sulphide, dissolved in potassium or 
sodium chloride, and fused by external heat : it appears that elec- 
trolysis is thus possible.) 

The production of heat by the current itself may be effected by 
allowing ao electric arc to be formed within the containing vessels, or 
by placing the materials to be fused and decomposed as resisting 
media in the circuit. The hitter method has jfroved far more 
profitable than producing an c^lectric arc. Thih, even when weak, has 
a far higher temperature than is necessary to fuse and keep liquid 
aluminium compounds, so that a great jwirt of the beat produced is 
wasted. Further, its effect is concentrated into so small a space that 
it becomes difficult to heat a largo quantity of the aluminium 
compound at all evenly. 

These objections do not apply to the generation of hi*at by the 
resistance of aluminium compounds in th<‘ rii-cuit. The heat 
develo})e(l by the resistance of these in th(‘ fust‘d condition is gre.it 
enough to fuse, and keep liquid, substances of high melting point, 
if a suitable current is employed. Moreover tln‘ i^lectrolyte will 
hceome heated uniformly, even though the electnwles dipping int^* the 
fused material possess a smaller area than the st*ctiun of the cell. 
This second method of bleating is consequently chiefiy employed at 
jwesent. 

It was first applied to the production of alloys of aluniiniuin from 
its fused com{K>unds, and so used by the brothers Cowles as early as 
1884, and in 1887 by H^roult. 

Cowles Brothers led the current through a inixtuie of alumina 
and coal, while H<5roult melted alumina alone and electrolysed it, 
without coal. In both coses aluminium was separated and alloyed 
with copper. 

Cowles’ process is described under Aluminium Alloys. It has 
led, as already stated, to a diversity of opinion as to whether the 
siction of the current is purely electrothennic or also electrolytic : 
whether alumina is decomposed by the carbon with which it is 
mixed, or split up into aluminium and oxygen by the current. The 
inventor himself considers that neither of these proces.ses takes place 
exactly, but that the alumina dissociates at the high temperature, 
and that the dissociation is assisted and rendered permanent by the 
carbon present. 

In H^roult’s process, in which carbon anodes are used, with fused 
metal cathodes (which alloy themselves with aluminium), an un- 
doubted electrolytic decomposition of the alumina must take place, 



64a 


METALLUBGY 


the compound being fimt fused by the current. In his description 
of his patent he lays stress on the electrolytic action.^ 

Although HcSroult’s apparatus is used only for the production of 
alloys it certainly led the way for the preparation of pure aluminium; 
it therefore deserves a full description here. Its arrangement is 
shown in Figs. 341), 350.® 

The vessel in which the fusion and decomposition take place is a 



Fu. ai(‘. 


cast -iron box, which is provided with a strong lining of carbon plates 
These are ceniimted togctluT by tar, syrup or lawulose. To bring 
tliis lining into contact as close as ]iossiblc* with the iron, the latter 
is cast round it. When cooled the metal firmly adheres to the 
lining. The box itst‘lf is made the negative terminal by the copper 
screw a, I'he positive ti^nninal consists of a series of carbon plates 

^ French Patent, No. 170,003, April l.», 1887 ; Belgian Patent, No. 77,100, 
A])ril 10, 1887 ; KngliHh Patent, No. 7420, Ma}' 21, 1887; <iernian Patent, No. 
47,10r», Dec. 8, 1887 ; Uiiiteil States Patent, No. 387.876, Aug. 14, 1888. 

- Sthmeher Baiiztituiitj, 1888, 28. 
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/>, etc., which dip into the vessel These plates are either 
attached to each other, or the spaces left between them are fitM 
with a conducting body, copper or light coal. At the upper end the} 
are held together by the framework g, at the middle by the frame- 
work Ji, The foniier has an eye e to which a chain can be fimtened, 
and by which the electrode can be put into position and raised and 
lowered at will. The current is led to the framework h. 

The box is closed at the t<«»p by graphic plates, in which ait* 
various openings, z, m ; t is the space to admit the anode, n and 
m are openings for charging and to let out gases. These have plates 
for covers (/> and o^) provided with handles. The space between the 
upper odg<*s of the box and the graphite top is filb*<l with powdered 
wood charcoal. A tapholc e enters the box at the* deepest part of 
the bottom, and through this the aluminium alloy is tapped into the 
mould ij lin(*d with charcoal, which produces the alloy in the fonn 
of a rectangular block. The taphole c is closed with a stick of 
charcoal r providf'd with a handle d. 

The working is as follows : Finely divided copper is sprinkled 
on the bottom of the vessel, the anodi* is drop])ed in, the circuit 
closed, and the copper melted by the electric aic The alumina 
IS placed on toj) of this copjier, which now acts as the cathode. The 
alumina melts, becomes a conductor, and is consequently split u]» 
by the cuiTent into aluminium and oxygen. The former passes inUi 
the copper and forms aluminium bronze, while oxygen goes to the 
anode and forms carbon monoxide with the carbon. This gas passes 
away through the openings. The alloy is tapped out from time i<» 
tinu*, and the anode at the same time lifted out, while copj)er and 
alumina an* added when necessary. The anode can be ruLsed or 
lowered ticcording to the resistance wanted. 

The* current used is 13,000 auip('»res working with a difference* 
of potential of 12 to 15 volts. 

The quantities of aluminium separating from the alumina during 
the process aj^iear to correspond to tht* formulas Al^jOg, Al^Oj, or 
AlO. Therefore if the process is merely electrolytic it must be 
assumed that at thi* temperature at which the action takes place (a 
bluish-white heat), aluminium is combined with a smaller proportion 
of oxygen than it is in alumina. 

Pure aluminium has been made recently with a similar apparatus 
b} using a suitable solvent for alumina, a specially adapted electrolyte, 
and a suitable cathode. 

The materials used have been aluminium oxide dissolved in 
molten chlorides of the alkalies or alkaline earths, or in aluminium 
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chloride iteelf; molten mixtures of aluminium fluoride or oxyfluoride 
with alkaline carbonates, and also aluminium sulphide dissolved in 
alkaline chlorides. 

At present the exact method of producing aluminium on the 
laige scale, as well as the apparatus and the economic results, are 
kept entirely secret. The author has therefore been compelled to 
rely only upon data obtained from technical literature and the 
patent publications, and to select his material most carefully. 


A. Production of Altxminium froin SdtUions of Alumina in Haloid 

Salts of the AlkaluSy or of the Alkaline Earths^ or of Aluminium 

itself 

This process is carried on like H6roult’s, already described. 
Alumina is liquefied by the action of the current, and dissolves in 
the molten chlorides. It is then decomposed by the current into 
aluminium and oxygen. Aluminium collects on the cooled metal 
forming the cathode, and oxygen forms carbon monoxide with tht^ 
carbon of the anode. As the aluminium collects, iresh alumina is 
added. 

To obtain pure metal it is necessary to begin with pure alumina. 
This is generally obtained from bauxite, which always contains ferric 
oxide and silica. It is ignited with soda, and the sodium aluminatc 
leached out with water, which leaves these and other impurities 
behind in the residue. By leading carbon dioxide through the solu- 
tion, aluminium hydrate is precipitated and sodium carbonate formed 
again in the solution. The hydrate is converted into alumina by 
heating. 

Alumina can also be obtained by heating aluminiuni sulphate 
until the sulphuric acid has been completely driven off. 

Borchers^ describes the following apparatus for making pure 
aluminium in the method stated above. The vessels are flat iron 
cylinders, open above, with linings of some difficultly fusible and 
pure aluminium compound. The anodes are carbon plates fastened 
togc'ther, the cathodes are of metal passing through the bottom of the 
vessel, and easily kept cool. The walls of the vessel are cooled in 
order that the lining shall not be attacked. The process is con- 
tinuous, as the whole amount of aluminium present is kept constant 
by the regular addition of alumina as the metal sepamtejs. A very 
strong current is necessaiy to fuse the alumina and keep it liquid 
(about 2,300 amperes per square foot of cathode surface). The 

* Elelirometaliiirgie, p. 153. 
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temperature of the electrolyte is not allowed to rise higher than 
necessary, so as to prevent the aluminium being oxidised to soxhe 
lower oxide and passing bock into the solution, and also to prevent 
the reduction and volatilisation of the alkali metals. 

The apparatus in Fig. 361 is one described by Borchers * and 
us(*d for experimental purposes, in which ]t gave good results. T is 
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the cylindrical vessel for fusing and electrolysing. The sides are 
made of iron, the bottom of powdered clay. F is the lining com- 
posed of alumina or some specially infusible aluminium compound. 
The cathode is the steel plate JT, in the lining of the bottom. This 
is protected firom fusion by the cooling tube of copper R in which 
water circulates | it is screwed up to the plate. Cold water enters at 
the tube E, ascends in 22, passes into the tube X and out at the 
bottom, warmed. The negative terminal N is clamped to 22 by the 
1 Borchers, p. 147, Fig. 86. 
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screw V, R being in good connection with the steel plate IT. A is 
the anode, made of carbon. It is attached by an iron clamp to an 
iron rod screwed tight into an iron plate U! The current enters by 
the copper rod P which is attached to the iron rod with a copper 
socket. The vessel is insulated from this by the fireclay layer J, 
The aluminium is tapped out from time to time through the hole S 
into the mould tr, while gases fonned in the process escape through 
openings made in the cover />. 

The lining of the apparatus is not attacked, as it is kept cool by 
the walls being in contact with the air. If there is a lengthy experi- 
ment with strong current the walls are further cooled by water, and 
freezing inatorials laid round the vessel or introduced into the lining. 

In charging the apparatus a small quantity of aluminium is first 
placed on the bottom and then fused by letting the anode approach 
the cathode ; this aluminium now forms the cathode. The electiolytes 
are now introduced. These fuse and form a liquid layer separating 
the two electrodes, and aluminium and oxygen are generated in th(‘ 
lay('r. As thi‘ alumina is used up more is added with a corresponding 
amount of solvent. 

Fig. 362^ shows an apparatus described by Kiliani,^ with an 
anode which can be rotated. The vessel 6, for fusing and electro- 
lysing, is carried on pillars a, e is the anode attached to a spindle/. 
The spindle has annular teeth which fit into the toothed-wheel ff. 
This can be moved by the hand-wheel A* and the spiral screw 
and the anode thus raised or lowered. The rotating of the anode i.s 
tjftected by the spiral screw i and the corresponding wheel Jc keyed 
on to the spindle. The positive current flows through brushes into 
the spindle and thence to the anode, while the rod c forms the 
negative connection. During electrolysis the anode is quickly 
rotated in the electrolyte into which it dips. No information is 
given about the lining of the vessel, or the metallic pole serving as 
cathode. 

Charles Hall’s •"* process consists in subjecting a solution of 
alumina in molten cryolite to electrolysis. Hall concludes that the 
alumina is electrolysed, as the fluorides remain unaltered.^ The 
details of the process are secret. It is not known how far the pro- 
cess was actually carried out in accordance with the directions given 
in the various letters patent.^ These documents have undergone an 

' Itorchcrs, p. 149. * German Patent, No. 50,608, April 21,- 1889. 

* Mineral Industry, 1893, p. 7. 

* Journal of the FranUand Inuf., vol. 98, 319, 391. 

> American Patents, Nos. 400,766, 400,664, April 2, 1889, and Nos. 400,665, 
4(M),66(i, 400,667. 
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exhaustive criticism by Borchers.' It is a fiaust that the process has 
been adopted by the Pittsburg Reduction Company, and that in 18$H 
this Company produced aluminium at the rate of one ton per day.* 
The Company proposes to utilise 6,500 electric horse-power firom 
Niagara Falls to prepare aluminium in thi^way. 

According to recent statements by Dr. Charles Hahn,'* a fused 
mixture of ciyolit(\ fluorspar sCad alii^jjinium fluoride is iis**d as the 
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solvent, dissolved alumina being the electrolyte. The vessel is of 
cast-iron lined with charcoal. The cathode is of carbon, the anode 
copper or platinum. The charge of alumina is 10 to 12 lbs. The 
mixture fuses and remains lic^uid with no other source of heat than 
the current. A potential of 5 volts is enough to overcome the 
internal resistance and electrolyse the alumina when external heat is 
applied to fuse and keep the mass in the molten state. 

J ElehtronuUUlurgie, p. 136. * Mineml Iwln^fry, 1S93, p. 7. 

» Elfktromeltallurgit Aluminiums in Amerika, ZtUsthr. f, EUltroti'rhmk^ 
Ut Sept. 1805, p. 478. 
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This process seems to yield 50 per cent, aluminium out of alumina 
containing 53 per cent. 

A process suggested by Joseph B. Hall ^ electrolyses alumina in a 
bath of aluminium chloride with sodium and lithium chlorides. The 
electrolyte is supplied by the anode, which consists of a mixture of 
alumina and charcoal. When the circuit is closed the alumina in the 
anode passes gradually into tbf liquid and is there decomposed. The 
oxygen set free seems to oxidise the carbon of the anode to monoxide. 
The cell is a vessel made of carbon or a mixture of alumina and ' 
carbon with an outer shell of iron : the separated metal collects on 
the bottom and can be removed from time to time by tapping. 

Experiments made with this process seem to have been satis- 
factory. 

Minot's process is to electrolyse a liquid containing aluminium 
fluoride as single or double salt, and to renew this with alumina or 
with bauxite. He is of the opinion that the fluoride is the real 
electrolyte, and that the fluorine set free acts upon alumina to form 
more of this salt, so that the liquid remains unaltered. The first 
experiments in this method were made at Creil, Department of Oise, 
Fmnce, where a fused mixture of 40 per cent, cryolite and 60 per 
cent, salt was electrolysed and the liquid renewed by alumina or 
bauxite. 

Aluminium sodium chloride, AlgCl,, 2NaCl was also experimented 
on, but proved too volatile, while the double fluoride volatilised only 
slightly at the temperature necessary (800®-1000°C.) and maintained 
a convenient degree of fluidity. 

This method cannot be criticised as the details are kept secret. 
Such as are given in the letters patent ‘ have been exhaustively 
criticised by Borchers.® 

A process is said to bo in use at Ste. Michel, in Savoy, where 
6,000 h. p. out of an available water power supply of 30,000 
at present to be used. A vessel lined with carbon forms the negative 
electrode. A thin covering of aluminium seems to form on the 
sur&ce of this lining and protect it from rapid action ; it is said to 
last 20 to 30 days. The liquid is renewed at stated times with a 
charge consisting of 48*2 parts of aluminium hydrate containing 
water, 24'3 parts of cryolite, 27*5 parts of aluminium oxyfiuoride, 
with corresponding quantities of common salt.* 

^ Enginttring and Mining /oumo/, 1805, p. 581. 

> English Patent, No. 10,057, 1887. 

* EltHrovMtaUurgit, p. 142. 

* Otdtrr, EeUitchr,/,, Berg, und Midi., 1803, p. 401. 
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According to Minet,i the strength of current should be 1,600 
amperes, the potential 4*65 volts. To obtain a kilogram of aluminium 
per hour 80*3 h. p. should be necessary. But since there is a loss of 
12 percent, of energy in converting mechanical into electrical energy, 
this h. p. is equal not to 736 watts but to 650 watts ; consequently 
35*4 h. p. should be necessary for 1 kg. of aluminium per hour. 
According to these numbers, 1 h. p. per hour should yield 28*2 
grammes of aluminium. 

Brand ^ calculated that in this case only 58 jier cent, of the 
energy supplied is utilised. According to Faraday’s formula 
0*337 grammes of aluminium should be obtained by a current of 1 
ampere in an hour. Thus by theory there is net^essaiy to produce 
1 kg of aluminium in 1 hour, 

1000 

4*55 volt X volt X 2067*4 amp&res. 

But in practice 650 watts x 35*4 h. p. are necessaiy. Therefore the 
fraction of this energy utilised is — 

^•65_x 2967*4 
650 X 35*4 h.p. ““ 

According to Hampe this waste is chiefly due to the fact that 
part of the aluminium while in the nascent state is dissolved by the 
fluorides. 

Borchers** assumes as the result of his experiments that the elec- 
trolysis of alumina in solution in haloid salts requires a |)otential of 
9 to 10 volts, and a current of 2,300 ampcios per square foot cathode 
surface, and that § kg of metal is set free for every 24 electric h. p. 
per hour. 

Taking the direct electrolysis of alumina, and the statement 
that in Neuhausen 20 grams aluminium were obtained with 1 h. p. 
(650 watts) per hour, Brand* calculates the utilised energy as 18*4 
per cent. The remaining 86*6 per cent, seems to be chiefly con- 
verted into heat by the resistance in the circuit. 

The Kleiner-Fiertz® process makes use of an electric arc to fuse and 
decompose an alkaline double fluoride of aluminium in which alu 
mina is dissolved. The vessel containing the fused electrolyte is lined 

1 Rmdtu, 110, 1890 ; 342, 1890 ; 231, 1215, 1891. 

■ Dammer, Chem, Teehn,, vol. iv.,p. 225. 

s MeMrimeiaUurgitf p, 152. 

* Chem, Techn,, Ice, cit, 

* German Patent, No. 42,022, 1886. 
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with bauxite or clay. The arrangement is to be seen in Figs. 363, 
854.^ B is the vessel, filled with molten cryolite, and lined with 
bauxite or clay. A is the anode, K the eath(^e ; both are movable, 
^rhe motion of the anode is regulated by a loaded lever and a 
solenoid, the latter being connected with a piston dipping into a 
liquid and limiting its motion. When the current passes aluminium 
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is deposited on the negative electrode. The electrolyte is renewed 
by tahing alumina from the lining of the vessel. 

It has been already stated that the use of the electric arc is 
costly, and that its effect is contracted into a small space. The 
molten material easily forms crusts in contact with the cold material, 
so that it is very difficult to ensure a regular action. 

This method has therefore not come into definite use. 


^ Borchere, 1. o., p. 129. 
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B. Preparation of Aluminium from a Fused of Aluminium 

Fluoride or Oxyfluonde with AUcalim CarhonaJtee 

Grabau^ subjects to electrolysis a fused mixture of tho fluoride (or 
<jxyfluoride) with wjda or {)otash) and obtains besides aluminium an 
alkaline fluoride, or else cryolite. The fusion and electrolysis are per- 
formed by the aid of the* cdectric are. Cryolite is first fused ixi the 
vessel, and then a mixture of ali^niniuni fluoride and'^soda intnKluct^d. 
The anode is carbon, the cathode a raet»il, preferably alutuinium. 
During electrolysis the metal separates at the cathode »md carbon 
dioxide is set free at tlu* anode. This comes partly from the molten 
material oxidising the ancjde, and jMirtly from the action of the alum- 
inium fluoride on the soda. Instead of the fluoride, the oxyfluoride 
is sometimes used, as it is easily prepared. 

The proportion in which either of these is mixed with the 
alkaline carbonate depends upon whether sodium fluoride or 
cryolite is desired as a by-product. Wh('n th(i fluoride is emplov<»d, 
and sodium fluoride fomaed, the action is ns follows: — 

2 AlgF^+fl NagCOa+S C (AiuhIc) *4 AH-12 NaF-t-fl CO^, 

but if cryolite is to be the by-product the action must be : — 

4 ALF^j-f () Na^COa + fl 0 = 4 Al + 2(Al2Fe. 0 NaF)-h9 CO^. 

When the oxyfluoride is used, and sodium fluoride is to be the 
secondary product, the action should be according to the equation : — 

2 Al 20 F 4 -i -4 Na,,COs-|-3 C = 4 Al-l -8 NaF-|-7 CO,, 
while to give cryolite the acti<»n should be : — 

3 AlgOF^-fSNa^COa+B 0 = 4 Al+Al/o- b NaF-ffl OO.. 

Borchers^ considers it jirobable that the lively evolution of 
carbonic acid noticed whiui thc‘ mixture of aluminium fluorides and 
alkaline carbonates is fusi’d, takes place according to this equation: — 

AlgFfl-fS Na,C 03 = AI 2 O 3 +G NaF+SCO.. 

According to this the electrolyte i.s oxide of aluminium dissolved 
in alkaline fluorides. 

The advantages of this process are the purity of the aluminium, 

^ (jerman Patent, No. 62,851, 1891. 

* EleltromefoJturfjk, p. 150. 
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as the material is easily pre|)ared free from iron and silica, and the 
production of cryolite as a by-product. 

According to Borchers^ the employment of the electric arc is 
subject to the same drawbacks as stated for the Kleiner-Fiertz 
process. 

The process, which answers well on a small scale, is reported to be 
used at Trotha near Halle. Up to the present no aluminium has 
been sent from there into the market. 

To obtain pure aluminium fluoride, which is absolutely necessary 
for pure aluminium, as well as to obtain it merely free from iron, 
Grabau has devised special processes. 

To make the pure compound,- powdered calcined clay, as free as 
possible from iron, is taken, and treated in slight excess with hydro- 
fluoric acid of 12 per cent, strength, or with correspondingly stronger 
hydrofluosilicic acid. When hydrofluoric acid is used, the temperature 
must be kept down to 95°, but if the other acid is used, the action 
must be assisted by heating. 

The mass becomes neutral in a few minutes, after which the 
litpiid, consisting of aluminium fluoride, is filtered at a medium 
temperature from the residue, which is hydrated silica and undecom- 
posed clay. The residm* is washed with hot water, which removes 
any aluminiimi fluoride remaining. In this way 90 per cent, of the 
hydrofluoric acid added seems to be used to form the aluminium 
fluoride.'** 

To obtain this fluoride merely frei‘ from iron,^ a solution of it 
is treated first with sulphuretted hydrogtm to remove lead, arsenic, 
and other nu'tals, and to reduce ferric salts present to fen^jus. This 
reduction is n(3ccsaary, as otherwise ferric fluoride is found in the 
crystals of aluminium fluoride obtained. The liquid, filtered from 
the residue, is acidifi<*d to }>revent the precipitation of traces of iron 
sulphide in the cooling which follows, and then cooled in vessels 
made of sheet aluminium. Here hydrated crystals of aluminium 
fluoride separate out (AljFQ.lSHgO). The crystallisation is concluded 
as soon as the temperature, which rose at the beiginning, has been 
brought down to 0° by continued cooling. The whole is separated 
into mother liquor and crystals in centrifugal pans, and the crystals 
are washed with ice-cold water. 

1 Efekiromefafhtrtjit^ p. 13(K 

> German Patent, No. 69,791. 

’ German Patent, No. 70,155. 

* Zeittichr./ilr Angew, Chemii., 1893, p. 462. 
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C. Preparation of Aluminium, from Fused Mixtures of Aluminium 
Sulphidt and Alkaline Chlorides 

The prepanition of the metal from its sulphide is said to be 
practised at the present time at Neuhaiisen in Switzerland, and 
has been proposed by Bucherer in Cleveland, and also by th*' 
Aluminiuin-Industrie-Aotieii-^ieaellschaft in Neuhausen. 

Bucherer, in Cleveland, Ohio, U.S.A } uses aluTfiiniuni sulphide 
in the form of ilouble sulphidt^ with an alksU or alkaline^ earth. 
This is subjected to eleotroly<4iM in a bath (»f molten chloride or 
tiuoride of alkali or alkaline earth, or of a mixture of thc*in. 8(»dium 
or potassium chloride*, or the two mixed, is found tt> bi' the best 
solvent. The double sulphide is made' more cheaply and easily 
than aluminium sulphide alone and )iohh a pure metal when 
cK‘ctrolysed aluminium being separated at the cathode by a current 
of low 2 >otential. 

The double sulphide is jireiiai-ed by Bucherer, by heating alumi- 
nium oxide or hydrate with the sulphide or polysulphide ol an alkali 
or alkaline earth, and excess of sul[ihur and coal. The action is as 
follows : — 

SNagS 4* AI/), -f- 3C + 3S = Na.Alg^S + ^^CO. 

He jiroposes to maki* imrc* aluminium suljihidr* by the slow action 
of suljihur vapour on a mixture of alumina and coal heated to white 
heat in a clay retort. The action would then be ; — 

AljC )3 4 30 ■{- 3S = 3C0 4 AI 2 S 3 . 

The process ol the Aluminium-lndustrio Co., in Neuhausen,* 
consists in electrolyhing tht^ sulphide AlgSj alone or in a bath of 
alkaline or alkaline-earthy chloride, or fluoride. The electrolyte may be 
fused and maintained liquid with the help of external heat, or by the 
current alone. If the solution of aluminium sulphide* in sodium or 
potassium chloride is first fused in a vessel heated from without, and 
then kept fluid during the electrolysis, a current with a potential of 
2‘5 to 3 volts will be enough to electrolyse the sulphide, but if the 
solution is fused and kept fluid by the current alone, a potential 
of 5 volts will be necessar}'. 

The process seems to be best carried on in a vessel of cast or wrought 
iron, which is lined with charcoal. Aluminium appears at the 
cathode, sulphur at the anode. The liquid itself generally prevents 

^ German Patent, No. 63,905, Nov. IS, 1890. 

^ German Patent, No. 68,909. 

n U 2 
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the oxidation of the sulphide ; if it is desired to secure this further, 
reducing gases are passi*d over the fused mass. 

In this process the lining of th«^ vessel is not attacked, nor the 
carbon electrodes dipping into the molten electrolyte, because the 
temperature of the bath is not high enough for the sulphur set free 
to combine with carbon. Consequently the ahnninium is very pure. 

Further advantages in the method may be pointed out: — the 
comparatively small strength of current needed, the prevention of 
short circuiting, as aluminium is heavier than the liquid, and sinks i 
quickly to the bottom, and the possibility of collecting the sulphur 
fumes at the anode, and utilising them. 

The details of the process an‘ secret. 

The works at Neuhausen now turn out 2 tons of aluminium daily 
with the use of 5,000 h.p. The ]>rocess by means of direct reduction 
of alumina seems to have been given up. 

Borehers’ objection to the method is that the preparation of the 
sulphide* as performed at present is too costly, for it requires pure 
alumina which can itself be <lirectly electrolysed to give aluminium. 
Further, its production by heating alumina, charcoal and sulphur 
requires a great consumption of fuel. 

With a considerable h)w<*ring in thi* cost of production 
<»f aluminium sulphide, its electrol} sis would provt* the best process 
of all to obtain aluminium. 

8. PREPARA'riON OF ALUMINIUM ALLOYS 

The process of Cowles Brothers and that of Heroult were used 
on the large scale to prepare the alloys directly until a short time 
ago. But since we are now able to produce aluminium itself electro- 
mctalliirgically in large quantity, these original processes are not so 
much used, as it is more economical to make the alloys by fusing 
aluminium with the necessary metal. 

A. Thi Co whs Brothfrs* Broerss^ 

is used in Cleveland, Ohio, U.8.A., and was published in 1884. It 
consists in extracting aluminium from a mixture of alumina and 
charcoal by an electric current, and alloying this with another metal 
the moment it is reduced. The current produces the heat necessary 
to reduce aluminium, because of the resistance of the mixture of 
alumina and charcoal. Wo have already referred to the different 
views taken as to the real nature of the action. Borchers believes 
^ United States Patent, No. 319795. 
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that the high temperatui*iLi causes the alumina and carbon to react, 
others believe that the current electrolyses alumina into its elements. 
Cowles Brothers do not agree with either view, but hold thai the 
high temperature dissociates alumina into its elements. 

The arrangement of the Cowles apparatus is shown in Figs 355 
and 356.^ Fig 355 is a longitudinal and Fig. 356 a transverse 
section. 

The furnace consists of a ot rectangular settiori with walls 



Fio iy* 


and hearth made of fireclay. E, E are the electrodes These are 
bundles of carbon pencils, usuallj 9, about IJ inch thick, which are 
placed in metallic cylindrical cases, M, cast round them. These 
consist of iron or copper according to the alloy desired At the 
head of each case is a copper rod K, making connection with the 
conductor L through the copper clamp V, to which is clamped 
on one side the conically pointed end of the copper rod, and to 
the other, the end of the wire £. S represents the inclined 

» Borohen, BleUrtmetalliigte, p. 102; IndnMruf, %ol. oxv., 1888, p. 2»7. 
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cast-iron tubes, in which the electrodes may bo moved forwards or 
backwards, by the screws S, The carbon pencils act as resistance 
to the current, become red-hot, and communicate their heat to the 
charcoal, alumina and metal around them. D is the cover of the 
apparatus, made of cast-iron. The opening Y in this allows the carbon 
monoxide gas formed by the oxidation of the charcoal to pass into 
the tube which is in communication with a condensing chamber to 



Fio. 85b. 


arrest any alumina carried ofif by it. 0 is the tap-hole to let the 
molten alloy out into the receiver X 

A furnace is about 5 feet long ; they are built in a block as is 
shown in Fig. 357.^ This shows part of the plant of the “ Cowles 
Syndicate Co which has now been disused for a long time. The 
current was produced by a Crompton Dynamo Machine of 40 h. p. ; 
It had a potential of 60 volts and a strength of 6,000 amp. 

The current was conducted by copper wires to the copper rods 
k and k which ran respectively along the front and back of the 
furnaces. The wires were attached to the rods by copper clamps z. 
The upper ends of these had pulleys which ran on the copper rods. 
From their lower ends ran a bunidle of copper wires, w, which in 
their turn were connected with copper rods in the way shown in the 
figure. 

* huhnftrit*, / r : Botchers, A#., p. 100. 
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Only one furnace was worked at once, the others were rneiHt* 
while being cooled, charged or emptinl. The operations took place 
as follows : First, a layer of wood charcoal to the depth of a hand 
was spread out on the bottom of the furnace. This is H^eviously 
soaked in milk of lime and dricxl to prevent its aggl:6metation. 
Then the electrodes were put in place. Next a fiumc n^e of iron 
plate is introduced, and the spac<* within it filled with a mixture of 
alumina (bauxite, corundum or euicry). wood charcoal and the metal 
with which the alloy is to be made. These substances Jtre all finely 
divided. (The metal is sometimes not finely divided but in the form 
ot rods which are arranged in the funiacc» either croM«»-\vise, or per- 
pendicular to the long axis.) The spact^ bctw(M*n this iron frame 
and the side walls of the oven is filled with a limng of wckkI charcoal, 
after which the frame is removal. A conductor for the cummt 
through the furnace is then formed by arranging pieces of retort 
caibon, and any space remaimng i*- filled with wood charcoal; the 
cover is next put on, and th(» current started. 'Ihi' beginning of the 
rc^ductionof alumina is signalled by the apjHfarance of a white smoke. 
Thi‘ aluminium which separates forms an alloy with the molten 
metal which has been put in; this collects at the bottom of the 
furnace, and is tapped out at the i‘iid of the operation. Besid(*s this 
alloy a sort of slag is formed which is an intimati^ mixture of the 
alloy with charcoal. This is powilered and washed, and th(» portions 
containing metal are added to another charge. Carbon monoxide is 
formed from the oxygen of alumina and the charcoal. It pisses 
through an opening in the cover, and through a condenser os already 
explained. 

The end of the process is known by the cessation of th(* white 
smoke. The smelting lasts about one ht)ur. The furnace is thrown 
out of circuit, and the current at once turned on in another one. 
The amount of aluminium in the alloy is 15 to 35 per cent. This 
may be converted into any other percentage by melting it with 
aluminium or the other metal, or any new metal as desired. So, 
for example, aluminium bronze is obtained by melting this alloy with 
copper so that the correct percentage of aluminium is obtained (from 
1*25 up to 10 per cent.). 

The strength of current and horse-power of the dynamo used by 
the “ Cowles Syndicate Co.'" have been alfsady stated. 

The amount of ferro-aluminium or aluminium bronze turned 
out daily is 750—1000 kg. (15—20 cwt.) containing 15 to 17 per cent, 
aluminium. Tlio expenditure of energy necessary to produce 1 kg. of 
aluminium has been found to be on the average 50 h. p. ^ As it varies 

1 Borchers, Elektrcmetatlurgw, p. 101. 
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between 63*5 and 25, the lowest average that can bo taken is 40 h. p.^ 
The theoretical energy needed for 1 kg. of aluminium in bronze is only 
8'87 h.p. Thus the waste of energy is very considerable. The reason 
appears to be that alumina is formed over again. The white smoke 
seen in the process seems to be newly formed alumina, fonned by 
the reaction of aluminium vapour and carbon monoxide in the 
cooler part of the furnace. 

At the Cowles Brothers' Works at Lockport in the State of New 
York, water-power to the extent of 1,200 h. p. is at their disposal ; 
and from 2 to 3 tons of aluminium bronze are said to be daily 
produced. The walls of the vessel arc lined with wood-charcoal, 
mixed with chalk, because Otherwise the charcoal might be converted 
into graphite while the current passes, and graphite is a good 
conductor of heat and electricity.^ 

B. Hih'tudi'a Pt'oem 

In this i)roccs8 alumina is not only fused by an electric current, 
but d(‘Compo8ed, and the aluminium alloyed with another metal at 
the moment it is set free. The second metal in molten condition 
forms the cathode, the anode is a bundle of carbon pencils. Alumina, 
fused by the current, forms the electrolyte'. This process and its 
apparatus were described on p. 048. 

The method was originally used, and is still, in improved form, at 
the works of the Alumiuium-Imlustrie-Acticn-Gosellschaft at Nt‘u- 
hausen in Switzerland. The powder necessary to drive the dynamos 
is obtained from the falls of the Rhine, which work two turbines of 
()0() h. p., one of 300 h. ])., and four older ones of 150 h. p. each. The 
two large ones have the electrodynamic machines above them on the 
same axis. This pair of machines give, with J50 turns to the minute, 
a cunvnt of 14,000 amp. with a potential of 30 volt. This is sufficient 
to reduce alumina. The dynamo which is worked by the 300 h. p. 
turbine is used to produce a magnetic field with 24 poles, and this 
supplies the lighting as well as working various other machines. The 
other turbines provide additional power when required. 

With these arrangements three tons of aluminium bronze with 
10 per cent, of aluminium can be produced daily. 

1 Dammer, Chem, Techn*^ voL ii., p, 222. 

* Dr. Charles v. Hahn. Zeit$chr, jUr Elektroteehnik, 1895, p. 470. 
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Aaphen, Stolberg 
Abtirthani, Ijoheiiiia, clreRMing of ttii 
(utonc at, ii. 392 

Abrudbanya, native gold in, i. 757 : 

amalganialion in mortals, i. 739 
Africa, copper pyrites in, i. U. localitien 
for galena/i. 282; native gob! in, 
i< 757 ; gold jndHpectors* penfl UHial 
in, i. 760 ; AlacArthur-KorreHl pro> 
cess in, i.«S2H tt mq.*, xinc blende 
ill, ii. 14 ; calamine in, ii. 14 ; cimia- 
liar deposits in, ii. 258 
Aggertlml copper worka, tlie, i. 152 
Agordo, Vcneliaii Alps, copper kernel 
roasting in, i. 36, 37 ; heap roaHtiiig 
of copper finea, i. 38 ; Stynaii siau 
roautiiig of copper ores, i. 43, 44 ; tier 
man proccaa of copper Hiiieliing at, 

i. 124 ; impurities in retined cuppei 
of, i. 179 ; heap-roasting of copper 
pyrites for sulphate, i, 213 ; solution 
of copper as sulphate, i. 236 ; pre- 
cipitation of copper from cupric 
sulphate, i. 241, 245; composition 
of ceijioiit copper, i. 245 

Aguiloa, Spain, lead smelting at, i. 394. 
Alabama, copper pyrites in, i. 14 ; tin 
deposits ill, it. 379 ; aluminium in, 

ii. 6:13 

Alais, (lermany, extraction of antimony 
at, ii. 460 

Alaska, Huntington gold-amalgamation 
mills used in, i. 774 ; stamp amalga- 
mation in, i. 785, 787 ; calcination of 
gold ore, i. 808 

Albertville, Savoy, French process' of 
lead extraction at, i. 308 
Alexisbad, leail-smeltitig at, i. 410 ; the 
Victor-FriedrichshUtte near, refining 
Blicksilber at, i. 596 
Algeria, galena from, i. 282 ; zinc blende 
in, ii. 14 ; calamine in, ii. 14 ; cinna- 
bu deposits in, it. 258 ; antimony 
in, ii. 430, 437 

Alloffir basin, Russia, zinc blende in, ii. 

14 ; galena from, i. 282 
Allawerdi, Transcaucasia, stall-roasting 
in, i. 39 ; krummofen used at, i, 96 


AUeiiiaut, Fruiiu., amalgain a*, i. 446; 
native amalgum At, li. 255; arsenic 
at, ii. 475 ; nickel ores at, li. 508 ; 
cobalt at, ii. .198 

Almadeii, Spain, cinnabar at, ii. 255, 
250 ; calomel ut, ii. 259 ; transixirt of 
mercury 11 * 0111 , ii. 266 ; shaft furnaces 
worked* iiiterinitteiitly, ii. 267 ; Bus- 
taineiite iurnacusat, ii. 268, 269-273 ; 
Idiiaii furnaces iit, ii. 275; shaft 
fuiTiaces pioiM^', ii. :il5 ; treatineiit 
of mercurial soot from, ii. .332 :13.'> 

Almeria, Spain, treat iiieiit of lead matte 
ill, 1 . .384, 3(M ; snudtiiig of oxidised 
lead ores in, 1 . 413; calaniiiie in, li. 
U 

Alport, Devon, Kiiglish process of lead 
extraction, i. 302 

Altai Mth., copper pyrites from, i. 14 ; 
galena from, i. 282 ; <‘rocoite from, i. 
283 ; Siberian hearth used in, 1 . 424 ; 
Ntroiueverite in, i. 466 ; horn silver 
in, i. 467 ; prcsliiction of work-lead 
fioin silver ores, i. 481 ; leatlmg 
silver matte, i. 487 Augustin pni- 
ce<is, i. 709 ; coinponiuls ot gold with 
ietluiiiiiuin, i. 758; zinc blende in, 
li. 14 ; platinum in, ii. 617 

Alteiia, extraction of nickel by electro- 
lysis at, ii. 591 ; comixisitioTi of nickel 
Rinolteil at, ii. 594 

Alteuaii, calcination of copper matte, 
i. 11.1, 116; production of coarse 
capper at, i. 120; composition of 
spurstein at, i. 121 ; composition of 
slags from concentration process, i. 
122; cop])er refining processes at, i. 
178 ; electrolytical method of (^per 
extraction, i. 260; composition of 
slag from smelting works at, i. 347 ; 
Raschette furnace at, i. 352-355, 
370-375 ; treatment of lead matte at, 
i. 384 ; leail smelting at, i. 300, 301 ; 
smelting lead matte at, i. 405 ; com- 
bined roasting and reduction and 
iron reduction process at, i. 410; 
composition of lead from, before 
refining, i. 440; after refilling, i. 
442 ; production of silver-lead luloys 
in lead baths, i. 473 ; production of 
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work lead alloys from silver ores, i. 
475 ; desilverising by zinc method, i. 
524 ; liquation of zinc scums, i. 537 ; 
treatment of desilverised lead, i. 
538 ; oxidation of zinc scums at, i. 
551 ; nrocesB of cupellntion of 
argentiferous lead, i. 582, 584 ; silver 
extraction process at, i. 603-608 ; 
extraction of nickel from metal- 
lurgical products at, ii. 572 
Altenberg, Aix-la-ChajMlle, liemimor- 
)hite at, ii. 15 ; wiAemite at, ii. 15 ; 
mrning of calamine in shaft fur- 
naces, ii. 22 ; in revei'beratory 
furnaces, ii. 26 

Altenberg, Kaxony, bismuth ut, ii. 352 ; 
treatment of ores at, ii. 362 ; tin at, 
ii. 370 ; puriHcatiun of roasted ores 
at, ii. 390 ; furnace fur smelting tin- 
stone at, ii. 401 ; composition of tin 
slags from, ii. 407 

Altenwald, composition of tin slag from, 
ii. 412 ; refining of tin at, ii. 414 

Altwasser, Hungary, mercurial fahlore 
Ht, ii. 259 

Alvtt, Scotland, bismuth at, ii. 352 

Amadtjr Co., California, calcination of 
gubl ores in, i. 808-809 ; chlorination 
of gold ores, i. 817 

America, Central, Huntington, gold 
amalgamation mills used In, i. 774 

America, North, copper pyrites in, i. 14; 
cliabiocite from, i. 14 ; copper heap 
roasting in, i. 27 ; hearths of rever- 
beratory furnaces, i. 68, 70 71 ; 

blowers for shaft furnaces used 
in, i. 93 ; forehearths of furnaces 
iiHe<l in, < i. 94-95 ; dead roasting 
of copper matte in heaps, i. 114; 
composition of coarse copper in, 
i. 118; reverberatory copper smelt- 
ing furnaces used in, i. 133-134, 
137 ; English process of copper 
smelting in, i. 152; the **ton” in, 

i. 164 : loealitles for galena, i. 282 ; 
native gold in, i. 757 ; localities 
for zinc blende, ii. 14 ; for calamine, 

ii. 14 ; hemimorphite, ii. 15 : fire- 
proof clay from, ii. 92; cinnabar 
deposits m, ii. 257-258; localities 
for bismuth, ii. 352 ; platinum in, 
ii. 617 

America, South, native gold in, i. 757 ; 
gold prospectors’ pans used in, i. 
76U; Huntington mills used in, i. 
774 ; zinc blende in, ii. 14 ; cinnabar 
defj^its in, ii. 258 ; platinum in, ii. 

AmineWg, zinc blende at, ii. 14 ; fur- 
naces for calcination of zinc blende, 
ii. 46 

Ampsin, Belgium, manufacture of zinc 
distillation retorts at, ii. 109 ; zinc 
distillation furnaces at, ii. Ill ; 
number of retorts broken at, ii. 172 


Amur R., native gold in, i. 757 
Anaconda, Butte City, ohalcocite from, 
i. 14 ; Brflckner furnace used at, i. 
80, 129; composition of matte in 
English process of cupper smelting, 
i. 127 ; copper smeltii^ reverberatoi’y 
furnaces at, i. 138 ; English process 
of copper smelting at, i. 153; Stal- 
mann converter at, i. 162-165 ; elec- 
trolytical methods of copper extrac- 
tion, i. 261; Stalmann’s process, i. 
269-271 

Anam, tin in, ii. 379 
Andocallo, Chili, cinnabar at, ii. 258 
Andalucia, galena from, i. 282 
Andreasberg, nee 8t. Andreasborg 
Aiiglesea, zinc Idonde in, ii. 14 
Anglcur, Belgium, charge for zinc dis- 
tillation at, ii. IK) ; zinc distillation 
in retorts at, ii. 104 ; manufacture 
of retorts at, ii. 108; zinc distillation 
furnaces at, ii. Ill, 126, 127; loss 
of zinc in distillation, ii. 171 ; 
number of retorts broken at, ii. 
172 

Annaberg, nickel ores at, ii. 508 ; cobalt 
ut, ii. 598 

Antofagasta, Krohnke process at, i. 622 
Arany Idku, Hungary, narrel amalgama- 
tion at, i. 689 

Ard^che, antimony in, ii. 436 
Ardenne, Belgium, clay for vessels for 
zinc reduction from, ii. 01 
Argo, Colorado, the O’Harra furnace at, 
i. 73, 74 ; Pearce’s Turrot-fumoce at, 
i. 75; copper smelting furnaces used 
at, i. 132, 13G, 137 ; English process 
of copper smelting at, i. 153 ; Zier- 
vogel process at, i. 742 
Argueros, Chili, native amalgam found 
at, ii. 255 

Arizona, malachite from, i. 13 ; azurito 
from, i. 14 ; chalcocite from, i. 14 ; 
Hcnrich furnace in use in, i. 107 ; 
smelting of oxidised and acid copper 
ores in, i. 167-169 ; native gold in, i. 
757 ; airastra amalgamation, i. 772 ; 
Huntington mills used in, i. 774; 
bismuth ochre deposits in, ii. 352 
Arkansas, calamine in, ii. 14 ; antimony 
in, ii. 436 ; nickel ores in, ii. 508 
Arnsb^g, antimony at, ii. 136 
Asia, localities for galena, i. 282; for 
ceruBsite, i. 283 ; native gold in, i. 757 ; 
zinc blende in, ii. 14 ; cinnabar 
deposits in. ii. 258 ; localities for 
antimony in, ii. 436 
Asia Minor, antimony in, ii. 436 
Astfeld, Harz Mta., heap roasting of lead 
ores at, i. 324 ; composHion of lead 
slags, i. 347 ; treatment of lead 
matte, i. 384, 386 
Asturias, cobalt at, ii. 599 
Atvidalwg, copper pyrites from, i. 14 ; 
copper stall roasting in, i. 42 ; char- 
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coal furnaces in, i. 91 ; Siilil furnaces 
used at, j. 97 ; composition of coarse 
copper from, i. 118, 119; (verman 
process of copper smelling at, i. ISA ; 
copper refining at, i. 174, 179, 186, 
187 ; production of chloride of copper 
in dry way, i. 221 ; refinii^ oi ce- 
ment copper at, i, 247 ; Claudet’s 
process, 1 . 7S9 
Aude, antimony in, ii. 436 
Aurora, liquation of zinc scums, i. 638 
Ausaig, Nchaffner's impraved Mal^t/a 
furnace used at, i. 39 ; prod action 
of chloride of coimcr in drv wav, i. 
221 ‘ ■ 
Australia, nati\c oopper in, i. 13 ; copper 
pvritcHin, i. 14 ; chalcooite in, i. 14 ; 
bfouem for shaft furnaces U86<1 in, i. 
93 ; English process of copper smelt- 
ing in, 1 . 162 ; impurities in refineil 
copxior, 1 . 194 ; localities tor galena, 

i. 282; for anglesite, i. 283 : native^ 
silver in, i. 406 ; horn silver in, 467 ; 
broinite in, i. 467 ; enibolite in, i 
468 ; iodite in, i. 468 ; largest gold 
nugget from i. 767 ; compounds of 
golu and tcllurhim in, i. 768 ; gold 
prospectors' imns used in, i. 7fK), 761 ; 
putUuing tub used in, i. 762 ; Hiiiit- 
iii^tnii mills used in, i. 774 : stamp 
mill anialgamation in, i. 786 ; Mac 
Arthur Forrest gold extraction, i. 
831) 846 ; zinc blende in, ii 14 ; ciii 
nabar deposits in, ii. 258; localities 
for bismuth, ii. 362 ; tin deposits in, 

ii. 379; localities for antimony in, 
ii. 4^ ; idatiiium in, ii. 617 

Austria, production of chloride of copfier 
in dry m ay, i. 226, 221 ; nickel ores in, 
ii. 6(m ft wfj. 

Austro-Hungary, copper pyrites in, i. 14 ; 
hoap-roastiiig of copper ores, i. 34; 
stall roasting of copper ores, i. 38, 
39 ; dead roasting of copper matte 
in heaps, i. 114 ; copper rehning in, 

i. 178 ; localities for galena, i. ^2 ; 
•localities for zinc blende, ii. 13, 14; 
for calamine, ii. 14; treatment of 
bismuth ores from, at Oberschlemma, 

ii. 353 (Me Hungary) 

Auvergne, antimony in, ii. 436 
Ava, Lidia, galena fn>m, i. 282 

Avala Hills, Belgrade, discovery of cin- 
nabar deposits in, ii. 257 ; calomel 
in, ii. 269 

B 

Badajoz, galena from, i. 282 ; antimony 
at, ii. 436 

Baden, zinc blende in, ii. 13 ; calamine 
in, ii. 14 

Bagillt, Flintshire, smelting of lead sul- 
phate at, i. 418 ; distillation of zinc 
scums, i. 648 


Balan, 8iobenb6rgen, stall roasting of 
oopper pyrites for sulphate, i. 213, 
215 

Balbach, Newark, gold redning at, i. 
868 f»t teq , ; extraction of nickel by 
electrolysis, ii. 691 
Balen, France, nidcel ores at, ii. 608 
Ballarat, largest nugget from, i. 767 
Baltimore, electrmytical method of 
copfier extraction, i. 261, 272 
Banate, the, azurit^froiu, L 14 : bismuth 
deposits in, ii. 362 

Banco, tin in, ii. 376 ; furns< c for tin- 
smelting in, ii. 403, 4i>4. 409, 41f), 
412; renning of tin in, ii, 413, 417 ; 
i^onipositioii of puve tin from, Ii. 
417 

Borya, Hungary, extraction of antimony 
ut, it. 441, 447, 454 ; rediiing of 
antimony, ii. 463, 466, 466 
BarliocoAs, platinum at, ii. 617 
Barnaul, Pavlov's works at, prfxluction 
of work-lead from silver ores, i. 486 
Bfishkires, the, native gold in i. 767 
Bathgate, Kcoiltind, nir'kel r>rcH at, ii. 

Sim 

Hatopilas, Mexico, nativ'c silver ui, i. 
^16; silver extraction process at, i. 

617 

Battigio, Monte llosa, ex|>eriments on 
action of oxygen with gold, i. 830 
Baux, aluminium at, li. 633 
Bavaria, cinnabar found in, ii. 257 : 
calcination of cinnabar with iron or 
lime, 11 . 324 

Belgium, localities for galena, i. 282; 
Carinthiaii process of lead extraction, 

i. 290- 206 ; impurities in zinc from, 

ii. 4 ; localities tor zinc blende in, li. 
14; for calamine, ii. 14; double- 
bedded furnaces for calcining zinc 
blende used in, ii. 46 ; fire proof 
clays from, ii. 91 ; zinc distillation 
in, ii. 103, 104 ; construction of 
mutiies in, ii. 131, 132; zinc distil- 
lation in Belgo-Hilesian furnaces in, 

i. 146 et Mf/.; loss of zinc in distil- 
lation, ii. 170; protluction of zinc 
white, ii. 236; occurrence of cad- 
mium in zinc poussi^re from, ii. 243 ; 
nickel coinage in, ii. 506 

Bendigo, native gold from, i. 767 
Bensberg, galena from, i. ^2 
Beresov, native gold in, i. 767 
Bergen Port, U.S.A., zinc-distillation 
furnaces at, ii. 1 12, 127f BM ; loss of 
zinc in distillation, ii. 171 ; extrac- 
tion of zinc white at, ii. 226^ 285 ; 
production of crude nickel at, ii. 663 
BergiMh-Gladbaoh works, the, Bel^ 
Silesian furnaces used at, ii. 146, 
147, 167 ; loss of zinc iu distillation, 

ii. 171 

Berlin, impurities in sheet zinc from, ii. 3 
Bemdorf, Vienna, nickel refining at, ii. 
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692, 596 ; extraction of cobalt at, ii. 
608 

Bethlehem, Pa., heap-roasting of zinc- 
blende at, ii. 39; zinc-distillation 
fumaooB at, ii. 1 12, 128 ; loss of zinc 
in distillation, ii. 171 ; composition 
of spelter from, ii. 182 ; extraction 
of zinc white at, ii. 226, 231 et tteq . ; 
nickel-steel manufactured at, ii. 607 
Biache ISt. Wast, electrolytical niethoil 
of cfmper extraction, i. 260 
Bieber, iiesse, cobalt at, ii. 509 
Billiton, tin in, ii. 379 
Birkengang, Stolberg, niufUes for zinc- 
distillation at, ii. 131 ; Siemens fur- 
naces used at, ii. 146 et 169 ; 
composition of spelter from, ii. 182 
Birmingham, electrolytical metho<l of 
copper extraction, i. 260 ; extraction 
of nickel from gamierite, ii. 565 ; 
Mond’s process of nickel extraction 
at, ii. 573 ; extraction of nickel from 
speiss, ii. 586 ; nickel rehning at, ii. 
595 

Bisbec, Arizona, Manln^s-David con- 
verter at, i. 162 

Bischofshofen, copper pyrites from, i. 
14 ; Anglo-<?erman iiietliod of copper 
smelting, i. 124, 154, 1.58 ; Hiuelting 
of white metal at, i. 144 
Biserak, native gold at, i. 757 
Bishopt()wn, Scotland, occurrence of 
cadmium at, ii. 242 

Block Forest, nickeliferous ores in, ii. 
509 

Black Hawk, C/oloriulo, Augustin pro- 
cess at, i. 714 ; Ziervogel process at, 
i. 749 

Black Hills, Dakota, Plottiicr process at, 

i. 806 

Bleka, Norway, bismuth at, ii. 352 
Blei1)erg, Carinthia, (^arinthi>ui pnasess 
of lea<l extraction, i. 290-296 ; Rossie 
furnace useil at, i. 313, 317 
Bleyl)erg, near Mons, galena from, i. 
282 ; zinc-distillation furnaces at, ii. 
Ill; losses of zinc in distillation, ii. 
171 ; electrolysis of zinc at, ii. 214 
Bogolovsk, Altai Mts., platinum at, ii. 
617 

Bohemia, galena from, i. 282 ; silver 
glance in, i. 466; miargyrite in, 
1 . 466 ; zinc blende in, ii. 14 ; 
cinnabar deposits in, ii. 257 ; cal- 
cination of (iinnabar witli lime or 
iron, ii. 324 ; bismuth deposits in, 

ii. 352 ; tin dejj^its iu, ii. 379 ; re- 
tiniug of tin, li. 413; hxjalities for 
antimony in, ii. 436 ; arsenic in, ii. 
476 ; cobalt in, ii. 508 

Boicza, Laszlo amedgamators useil at, i. 
702 

Bolivia, native silver in, i. 466 ; amalgam 
found in, i. 466; dyscrasite in, i. 
466; silver glance in, i. 466; horn 


silver in, i. 467 ; bismuth deposits in, 
ii. 352 ; extraction of bismuth from 
ores from, ii. 358 ; composition of 
purified bismuth from, ii. 373 ; tin 
in, ii. 379 

Borbeck, Essen, composition of zinc 
funies at, ii. 183 

Borlecti, zinc-distillation in mufiles, ii. 
104 

Borneo, gold-prospectors' pans used in, 
i. 760 ; cinnabar deposits in, ii. 258 ; 
antimony in, ii. 436, 437 ; platinum 
in, ii. 617 

Bosnia, antimony in, ii. 436 
Boston, dead roasting of copper matte 
ill stalls, i. 115; electrolytical method 
of copper extraction, i. 261 
Botallack, Coriiw'all, arsenic from, ii. 

480 ; cobalt at, ii. 599 
Bouc, antimony at, ii. 436, 447, 451, 454 
Bouches du Rhone, aluminium in, ii. 633 
Brad, native gold in, i. 757 ; Muiiktell’s 
jirocess of gold chlorinaliun, i 815 
Braganza, antimony in, ii. 436 
Bratsbcig, Norway, convertors used at, 
i. 10() 

Bruiibai‘h, galena from, i. 282 ; composi- 
tion of slag from lead sinelting w'orks 
at, i. 347 ; treatment of lead matte 
at, i. 384 ; distillation of zinc scums, 
i. 543, 546 

Braimsdorf, Saxony, antimony at, ii. 
437 

Brazil, galena from, i. 282 ; native gold 
in, i, 757 ; gold amalgamation in 
rotating iiarrels in, i. 796 ; cinnabar 
deposits in, ii. 258 ; tin in, ii. 379 ; 
nickel coinage in, ii. 506 ; platinum 
in, ii. 617 

BridgejKirt, Connecticut, electrolytical 
method of copper extraction, i. 261 
Briesen, Moravia, clay for vessels for 
zinc reduction from, ii. 91 ; clay for 
, mufiles from, ii. 131 
Brisbane, cliarges for tin smelting at, ii. 
398 

British Columbia, native gold in, i. 757 ; 

platinum in, ii. 617 
Brittan}', tin do|)OBits in, ii. 379 
Brixlegg, Tyrol, copper pyrites from, i. 
14 ; circular shaft furnaces at, i. 92, 
100 ; calcination of copper matte at, 
i. 116; smelting of calcined copper 
matte, i. 119; German process of 
copper smelting at, i. 122, 123 ; 
Anglo - (.German process of copper 
smelting at, i. 154-158; electro- 
Mical method of copper extraction, 
i. 260 

Brodkowic, Bohemia, antimony at, ii. 
436 

Broken Hill, N.8.W., galena from. i. 
282 ; ' cerussite from, i. 282, 283 ; 
smelting lead carbonate at, i. 415, 
416 ; furnace used at, i. 416-418 ; 
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native silver at, i. 466 ; horn silver 
at, i. 467 ; bromite at, i. 467 ; 
embolite at, i. 468; iwlite at, i. 
468 ; pro<luotion of work lead al1r)ys, 
i. 474 ; Bobs proceas of silver extrne* 
tioii, i. 676 ; zinc blende at, ii. 14 ; 
calcining zinc blende at, ii. 33 ; ex- 
traction of zinc by electrolysin, ii. 
218 

Brooklyn, Canada, NK'holsnn works near, 
i. 67 ; Herreshof fnrnat'es at. i. 82, 
107-109 ; Stalmann converter at, i. 
162, 163, 166; elcctrolytical iiieth(Ml 
of copper extraction, i. 261 
Burmah, tin in, il. 379 
BuiTa-Burra, native c<ipper Irom, i. 13; 
malachite from, i 13 ; impurities in 
refined copper i. 194 
Butte Cit^ , iKirnite and clialeoeite fnim, 
i. 14; fixed reverlieiatoiy coppei 
furnaces at, i. 71 ; O’ Harts furnaces 
at, i. 73, 71 ; composition »f slag in 
Englisli process of copra r smelting, 
i. 127 ; <‘oppei smelting reverheri 
lory funiac'es at (see AnsAmida an<l 
Chalpocite), i. 13M ; English process 
of copper Hinelting at, i. ]o3 
Butzum, native gold in, i. 757 


n 

Cajaniarca, Peru, oiniiabar at, li 258 
California, galena from, i. 2h2 : alluvial 
gold in, i. 757 ; large'^t gold nugget 
from, i. 757 ; compouiid‘i of gold uiul 
tellurium in, i 758 ; g<»ld prospectors’ 
pans used in, i. 760, 761 ,* hydraulit 
mining in, i. 765 it niq. ; iirniHtru 
iimalgamatioii, i. 772 ; Huiitirigtfm 
mills used in, i. 774 ; stamp mill 
amalgainati<»n at, i. 785 if jiaii 
.iinalgamation in, i. 795 : calcination 
of g(d(l ores in, i, 808 ; MaeArthur- 
Forrest gold-extractifin pnKicss, i. 
sll ; native mercury in, ii 255 ; 
cinnabar deiiosits of, ii. 257, 258 ; 
transport of mercury fniin, ii. 260, 
329 ; shaft furnaces working inter- 
mittently, ii. 267 ; continuously- 
fired shaft-furnai'es in, ii. 278 ; Knox 
furnaces, ii. 289 ; retort fumui^es, 
in, ii. 321 ; calcination of cinnabar 
with lime or iron, ii. 323, 324 ; 
treatment of mercurial soot in, ii. 
332e/jyc7. ; tin deposits in, ii. 379 : 
antimony in, ii. 436, 454 ; composi- 
tion of refined antimony from, ii. 
467 ; platinum in, ii. 617 
Call, treatment of lead matte at, i. 384 
Callington United Mine, Cornwall, arsenic 
from, ii. 480 

Canada, copper pyrites from, i. 14 ; heap 
roasting in, t. 34 ; copper ores from, 
calcined in Macl^ugidl furnace, i. 


67 ; antimony in, ii. 436, 437 ; 
arsenic in, ii, 476; platinum in, ii. 
616, 617 

Cannon city, extraction of zinc frou lead 
ores, 11 . 235 e/ tttq. 

Capo GirsO, Coraioa, cinnabar at, u. 257 
Capula, Mexuo, cinnabar found near, ii. 
258 

Carimoii, tin in, ii. 379 
I’arinthia, native gold in, i. 757 ; galena 
iroin, i. 282 ; zinc blende in, li. 14 ; 
i‘a]<nmne in, ii.‘'14‘ arsenic tti. ii. 
476; bismuth deposits in, ii 352 
i ’ai'olina. North, melacoDite in, i. 13 ; 
tin deposits in, ii. 379 ; aluminium 
in, ii. 034 ; platinum in, ii 617 
Caroiulelet. Missoun. oomiKisitlon of zinc 
fumes at, ii. 183 

CiUTick Fell, (\iinlM‘rlaiul, bismuth at, 
ii. :152 

CuiTisoi, Chill, English process of copiasr 
smcltmg at, i. 152 
CaiTo, Mexico, cinitaliar at, ii. 25S 
f ’arson River, Nt'vada, native gold at. i. 
757 

Carthagena, galena from, t 282 ; cernssite 
fiom, i. 283; draught furmnci for 
lead Hmelting, i. 3^, 349 : Ho/iiii 
prooe>iH, i. 518; calamine at, ii. 14 
Ca^ai/A, (ieiioa, ix^raction of c/ipp<T 
from matte 1\\ elei'trolysis, i. 258 2^ 
('astellazara, extraction ol mercury in 
shaft fiimaccH at; ii. 315, 316 
(’astillon, culaniincat, ii. 14 
CaiicasuB, co]i]jer pyrites from, i. 14, 45 ; 
copjMir heap-rousting in, i. 27, 36, 
37 ; calcination of copper matte in, 
1 . 114; tough-[s>liiig in, i. JIM); re- 
fining fuitiaces, i. 194 ; impurities in 
refined cop})er fifiiii, i. 194 
Ctrigliaiii, Lucca, Itid^, cinnalMir detKisits 
ut, ii. 257 

CVnogordo, Chili, ]>atera pifK-es^ ut, i. 
72t) 

Ovcniies, the, France, ciiinaliar de- 
£>usitR, ii. 257 

Chaiiarcillo, Chili, dvRcnmite found at, 
i. 466 

Cheltenham, Miasoiiri, refining of lead 
at, i 451 ; desilvensing by zinc 
inctlifsl, i. 524, 533 ; liquation of 
zinc scums, i, 538 ; treatment of 
desilveriscd lead, i. 539 ; on dis- 
tillation of zinc scums, i. 542, 543 ; 
fire-proof clay from, ii. 92 
Chessy, near Lyons, azurite from, i. 13; 
copper pyrites from, i. 14 ; smelting 
of oxidised and acid copper ores at, 
i. 167 

(fiiester, Mass., aluminium at, ii. 634 
Chicago, electrolytical methcxl of copper 
extraction, i. 261 ; refining at Nat- 
ional Lead Works near, i. 453 ; 
armour-plates manufactured at, ii. 

sm 
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Chihuahua, Mexico, patio proccsH at, i. 
680 

Chili, cuprite from, i. 13 ; malachite 
iiom, i. 13 ; copiKjr pyritea from, i. 
14 ; copper mat tea in, i. 127 ; 
Engliali procchH of copper-ameltinff 
in, i. 152 ; impurities in refinea 
copper fifmi, i. 104 ; native silver in, 
j. 4HG ; aiiialgaiii found in, i. 466 ; 
dyai'ra<<it4.‘ found in, i. 466 ; silver 
glnnce m, i. 466 ; atromeyerite in, i. 
4()6 : pyiargyrite in, i. 466 ; horn 
aihcr in, i. 467 : bromite in, i. 467 ; 
jodite in, i. 468 ; amalgamation 
)n'ocesa of silver-extraction in, i. 
614 ef seq.; Kruhnke process, i. 620, 
625 ; patio process, i. 632 ; native 
£|old in, i. 757 ; cinnabar dexxisits in, 
li. 258 ; bismuth deposits in, ii. 352 ; 
tin in, ii. 379 ; nickel coinage ii. 
506 . 

China, cinnabar dciioaits in, ii. 258 1 
in, 379 

Cliiromagny, France, silver glance found 
at, i. 466 

Choco, jjlatinum at, ii. 617 

Chonta, Peim, cinnabar at, ii. 258 

Chorol<|uc, Bolivia, bisnuith at, ii. 352 ; 
tin at, ii. 379 

Chropaozow, Haaenclever furnaces for 
calcining zinc blende, ii. 69 ; sulphur 
dioxide formerly manufactured at, 
ii. 76 

Christianhand, Norway, nickel at, ii. 
509 

Cilli, Austria, reverberatory furnaccb for 
burning calamine used at, ii. 27; 
for calcining zinc blende, ii. 47 ; 
SieineiiH furnaces used at, ii. 157, 
169, 17t> ; eoiji|X>aition of spelter 
from, ii. 182 

Clausthal, Harz, ir<m-i'eduction process 
of lead extraction at, i. 397 ct neq,; 
furnaces used at, i. 398 401 ; smelting 
lead matte at, i. 404 elufq.} smelting 
litharge at, i. 425 ; treatment ot 
abatrich at, i. 427-4ihl ; compuaition 
of lead liehirc refining, i. 4^, 440 ; 
after refining, i. 442 ; cupellation of 
argentiferouB lead, i. 582-584 

Clifton, Arizona, cuprite from, i. 13; 
Henrieh furnace in use at, i. 107 ; 
slag produced in a Henrieh furnace 
at, i. 169 

Colar goldfields, Mysore, Wheeler pans 
used at, i. 796 

Collin(p^ille, Illinois, Brown furnaces for 
cidcining zinc blonde used at, ii. 50. 

Colombia, cuprite from, i. 13 

Colorado, fanlore from, i. 15; galena 
from, i. 282 ; cerusaite from, T, 282, 
283 ; treatment of lead matte in, i. 
385 ; combined iron-reduction process 
with smelting of oxidised leM ores, 
i. 4, 12 ; lead carbonate from, i. 414 ; 



fahloro found in, i. 467 ; hom 
silver in, i. 467 ; production of 
work-lead alloys, i. 476, 479 ; 
Ziervogel process at, i. 742 ; native 
gold in, i. 757 ; compounds of gold 
with tellurium in, i. 758; arrastra 
amalgamation, 1 . 772 ; Huntington 
millfl used in, i. 774 ; stamp mills in, 
i. 785 ; MocArthnr-Forrest gold- 
extraction process, i. 841 ; zino 
blende in, ii. 14 ; extraction of zinc 
white, ii. 226 et aeq. ; bismuth glance 
in, ii. 352 

Columbia, cinnabar deposits in, ii. 258 
Cotnmem, treatment of lead matte at, 
i. 384 

Comstock lode, the, Virginia City, silver 
glances formerly found in, i. 466 
Connachino, Monte Amiata, calcination 
of cinnabar with iron or lime, ii. 
326, 328 

Constable Hook, New Jersey, production 
of refined nickel matte at, ii. 550 
Coolgardie, W. Australia, native gold 

the, silver ores of, i. 
Ttthnke process, i. 020, 022 
, riiie blende at, ii. 14 

_ ^ f Mine, nickel at, ii. 510 

Cord eri lias, the, cinnabar deposits in, ii. 
258 

Cordova, Spain, English jirocess of lead 
extraction, i. 300 

Cornwall, copper pyrites from, i. 14 ; 
bomitefrom, i. 14; chalcooite from, 
i. 13 ; galena from, i. 2S2 ; English 
process of lead extraction used is, 
1 . 300 ; zinc blende in, ii. 14 ; 
bismuth deposits in, ii. 352 ; tin 
deposita in, ii. 379, 380 ; ireatmont 
of tin, ii. 382 ; fumacca used in, ii. 
386 ef aeq.f 394 ef aeq. ; charts for 
tin-smelting, ii. 398 ; composition of 
'piire till, ii. 417 ; antimony in, ii. 
436 ; arsenic at, ii. 475, 476 ; arsen- 
ious oxide from, ii. 480 ; extraction 
of arsenic, ii. 482 ; refining arsenic 
in, ii. 488 ; nickel ores in, li. 508 ; 
cobalt in, ii. 598, 599 
Coronel, Peru, native silver at, i. 466 
Corphalie, galena from, i. 282 ; French 
process of lead-exti-aotion at, i. 308 ; 
zinc blende in, ii. 14 ; furnaces for 
calcining zinc blende at, ii. 47 ; zinc 
distillation in retorts at, ii. 104 ; 
treatment of zinc fumes at, ii. 176. 
Corsica, cinnabar dopmits in, ii. 257 
Cossack territory, native gold in, i. 757 
Creuse, France, tin in, ii. 379 
Cripple Creek, Colorado/ MaoArthur- 
Forrest gold-extraction process at, 
i. 841 

Cuba, copper pyrites in, i. 14 

' - g, N. S. W., cinnabar deposits, 

Ii. f" 
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Cumberland, zino blonde in,* ii. 14 ; 
occurrence of cadmium in zinc ores 
of, ii. 243 ; bismuth deposits in, ii. 
352 ; cobalt in, ii. 590 
Curra Rossi, Hungary, electro-metal- 
lurgical extraction of gold, i. 841 
Cwm Avon, Wales, treatment of coarse 
metal at, i. 149, 1.50 

Cziklova, the Banate, bismuth at, ii. .352. 


1 ) 

Dakota, native gold in, i. ; stamp 
mills in, i. 781-786; chlorination 
of ^Id ores, i. 817 ; extraction of 

S old by bromine in, i. 827 : tin 
eposits in, ii. 370 

Danescombe Mine, Cornwall, arsenic 
from, ii. 480 

Daschkesan, Russia, colialt at, ii. 599 
Davos, Kngadine, exhaustion of lead 
deposits at, i. 290 

Dayton, Nevada, Washoe process at, 
i. 071 

Deeliank, North Wales, smelting of 
litharge, i. 424 

Delach, Cariiithia, furnaces for zinc 
distillation at, ii. 100, 101 
Delhi, gold'parting by sulphur at, i. 846 
Deloro, Canada, calcination of gold ore 
at, i. 809 ; chlorination, i. 816 ; ex- 
traction of arsenic at, ii. 484 
Denbighshii'e, zinc blonde in, ii. 14 
Denver, Colorado, furnace for roasting 
lead ores, i. 334, 336-388. O'Harra 
furnace for masting lead ores, i. 338 ; 
American furnaces at, i. 352-354, 
373 377 ; lies fumaco at, i. 354 ; 
treatment of lead matte at, i. 383, 
.384 ; lead smelting at, i. 3^, 303 ; 
Ziervogel pnx^ess at, i. 742 ; extrac- 
tion of gold by bromine at, i. 827 
Derbyshire, English process of lead 
extraction used in, i. 3U0 ; occurrence 
of cadmium in zinc ores of, ii. 243 
Detroit, Michigan, treatment of native 
copper at, i. 109, 190 
Deva, Biebenbiirgen, Hunt-Douglas cop- 
per process at, i. 204 
Devonshire, copper pyrites fmm, i. 14 : 
galena from, i. 282 ; tin deposits in, 
li. 379 ; arsenic in, ii. 476 ; arsenious 
oxide from, ii. 480 ; extraction of, ii. 
482, 487, 488 

Diacoletto, Castellazzara, cinnabar de- 
posits at, ii. 256 

Dillenburg, English process of copper 
smelting at, i. 152 ; millerite found 
near, ii. 508 ; stall roasting of nickel 
ores at, ii. 518-520 ; smeltmg nickel 
ores at, ii. 525, e( wq, ; refining 
nickel matte at, ii. 540 et seq. 
Dobsohau, antimony at, ii. 436 ; nickel 
ores at, ii. 50^10; stall roasting 


at, ii. .559 ; smeltmg roastsA iW 
metal at, ii. 562, 566, 569 ; eximMSm 
ot nickel from speiss at, 566 ; 
cobalt at, ii. 598 ; ext||iil«m, ii. 
602 ^ 

Donetz basin, Russia, zigplteide in, 
ii. 14 

Dortmund, ^rni^ of oilMttine in shaft 
furnaces, ii. 22 

Douglas Island, Alaska, gold stamp mills 
at i. 787 

Dracut, Mass., niolAk at* ii. 509 

Drakewella tninoi^Bmxiwall, removal of 
tungsten fMM| fwsted tinstone, ii. 
390, 391 : aMnic from, ii. 480 

Dretwlen, goUppIrtifig at the mint at, i. 

Dry Greej^jjlLdelaiflc, smelting of lead 
oarb|flpe at, i. 416 

DuisbiinAggarthal copper works near, 
En^psh process of cupper smelting 
at, 1. 152 ; production of chloride of 
copper, i. 221 ; Claudet's process, i. 
739; extraction of zinc by electro- 
lysis, ii. 219 

Durango, Colorado, electrolytiokl method 
of copper extraction, i. 261 


K 

East Indies, tin deposits in, ii. .379; 
platinum in, ii. 617 

Eastpool mine, Cornwall, arsenic from, 
ii. 480 

Eckarthtitte, treatment of kupferschiefei' 
and lead from copper flue-dust at, i. 
422 

Kdcr, K., the, native gold in, i. 757 

EfUtha 8malt Works, see in the General 
Index 

Eguilles, near Sargues, Manh^'s conver- 
ters at, i. 16(f-165 

Kitorf, Parkes’s furnace at, i. 79 

El Paso, Texas, smelting lead carbonate 
at, i. 414 ; proiluction of work-lead 
allovs from silver ores, i. 475 

Ellis, galena from, i. 282 ; pyromorpliite 
from, i. 283; treatment of lead 
matte at, i. .384 ; distillation of zinc 
BTums, i. 543 

Kngis, Belgium, exhaustion of lead de- 
1)081 ts at, i. 290-294 ; zinc blende in, 
li. 14 ; distillation vessels used at, 
ii. 02-106; treatment of furnace 
products, ii. 175 ; extraction of cad- 
mium at, ii. 245, 246 

England,oopper pyrites in, i. 14; native 
gold in, i. i57 ; imparities in liest 
selected copjier, i. 194 ; composition 
of cement copper, i. 24A ; looaUties 
for galena, i. 282 ; localities for zinc 
blende, ii. 14 ; bismuth deposits 
in, ii. 252 ; tinstone deposits in, ii. 
379; composition of pure tin, ii. 
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Escallott 


l^tiinon^ in, ii. 436 ; refining 
^ in, ii. 403 ; arseiiic in, ii. 
if ; nickel ores in, ii. 508 ; 
^ii. 508, 590 

^Blena from, i. 282 ; native 
465 ; silver glance found 
pyrargyrite in, i. 466 ; 
li|||| m, iL 13; Insmuth dc- 
jMBlI* antimony in, ii. 
nWHs found in, ii. 475 

MarseiUen, French pro- 
lib^ eattractiun at, i. 308 


Escobar, K^hnke process at, i. 622 

Estremadtira, Spain, antimony at, li. 
430 

Eureka, Nevada, 8fe Knreica works ((4eiie> 
ral Ind«g) 

Europe, I'Mrberatory fiQ^ce hearths 
in, 1 . 68 ; hlowui's for slMft furiiaccb 
used ill, i. 03 ; conifiOHitip of coarse 
copper in, i. 118 ; native gold in, i. 
757 ; localities for galena, i. 282 ; 
localities for rinc blende in, ii. 13 ; 
for calamine, li. 14 ; cinnabar de- 
posits in, ii. 255-257 : transport of 
tiierciiry from, ii. 260, 329 ; localities 
for biHiiiuth in, ii. 352 


F 

Falilun, copper pyrites finmi, i. 14; 
copper stall roasting at, i. 42 ; com- 
position of slags from, i. 90; Sulu 
luriinccM used at, i. 97 ; com]josition 
of copper mattes, i. Ill ; composition 
of coarse copper from, i. 118 ; com- 
position of diuiiisteiii fnnn, i. 119; 
composition of slag from prodnctioii 
of coarse copper, 1 . 119, 120 ; (tormuii 
process of cop^r smelting at, i. 124 ; 
production of clilorido <ii copper in 
dry wa 3 % 1. 221 : stall roasting of 
lead ores at, i.«328; treatment of 
lead matte at, i. 384; bismuth de- 
posits at, ii. 352 ; nickel at, ii. 501) 
Feistritz, aluminiuiii at, ii. 633 
Feriiezely, Hungary, cojiper, normal 
heap-roasting, i. 34 

Fichtelgebirge, the, anlinioiiy in, ii. 436 
FinlaiiiV, native gold in, i. 757 ; tin dc- 
]M>Hits in, ii. 379 

Flintshire, English process of lead ex- 
traction used in, i. 297 -300 
Flonc, Vieille Montagno Co., near, fur- 
naces for calcining zinc blende at, ii. 
47 ; neutralisation of sulphur acids, 
ii. 59 ; zinc distillation in muffles at, 
ii. 104 

Floridsdorf, Vienna, works of Lederer 
and Nesseny ni, ii. 321 
Fuldal, Norway, kernel roasting in, i. 
36 ; precipitation of sulphide of 
copper at, i. 209 

Fowey, Cornwall, nickel ores at, ii. 500 


France, copper pyrites in, i. 14 ; amal- 
gam found at Alleinant in, i. 466; 
silver glance found in, i. 466 ; locali- 
ties for galena, i. 282 ; for angles! te, 

i. 283; Cariiithian process of leocl 
extraction, i. 200 ; zinc blende in, 

ii. 14 ; cinnabar deposits in, ii. 257 ; 
bismuth ochre deposits in, ii. 3.52 ; 
tin deposits in, ii. 379, composition 
of pure tin, ii. 417 ; localities for 
antimony in, ii. 436 ; arsenic in, ii. 
475, 476 ; nickel ores in, ii. 508 ; 
cobalt in, ii. 598 

Frankfurt-ain-Mame, refining of blick- 
silber by Koesaler's process, i. 600 ; 
Moldenhauer’s experiments at the 
gold -parting works at, i. 830- 838 ; 
gold refining at, i. Sf56 860 ef nt'q. ; 
gold-})arting hy electrolysis, i. 787 
it Mq.\ treatment of copper with 
zinc calcination products, ii. 84 ; 
treatment of silver skiinmings for 
biHiiiuth, ii. 364 ; extraction uiplaii- 
num at the gold and silver works, 
ii. 624 

Frau Sophienhiitte, the, production of 
zinc vitriol at, i. 237 ; Langelshcim, 
heap-roasting of lead ores at, i. 324 ; 
composition of Icail shiga, i. .347 ; 
smelting lead ore at, i. 385, 386, 411 

Freiberg, kilns at, i. 50, 51 ; calcination 
of ore* fines at, i. 52 ; composition of 
smirstem at, i. 121 ; treating sul- 
phide of coppet for the oxide, i. 216 ; 
the Wcllner stall for roasting lead 
ore at, i. 328 ; kilns at, i. 328, 329 ; 
furnace for roasting lend ore at the 
Miilden works of, i. 334, 3:15, 338 ; 
<‘om|K>Rition of slag from lead smelt- 
ing at, i. 346, .347 ; Pilz fuimaces at, 
i. .352 355, 362, 363, 378; Old 
Welhier- Vogel furnace at, i. 365, 
366; Stulbcrg funiace at, i. 366, 
.3,67 ; composition of lead matte from, 
i. .381, .382 ; treatment of lead matte, 
i. 383, 384 ; lead smelting at, i. 386- 
389 ; smelting of lead slags from, 
i. 4t^, 421 ; smelting litharge at, i. 
425 ; treatment of scums, i. 426 ; of 
abatrich, i. 428, 429 ; composition 
of lead from, before and after de- 
silverisation, i. 444, 445 ; refining 
process at, i. 450 ; native silver at, 
i. 466 ; silver’glance found at, i. 466 ; 
miargyrite at, i. 466 ; proustite at, 
i. 467 ; polybasite at, i. 467 ; pro- 
duction of work -lead alloys from 
silver ores, i. 474 tt htq. ; leading of 
silver matte, i. 489 ; hanil-pattin- 
Bonising at, i. 508-510 ; zinc desilver- 
ising process at, i. 532 ; liouation of 
zinc scums at, 528, 5.36 ; Pattinson 
and ziitc desilverising processes com- 
bined, i. 561 ; furnace for oupeUation 
of argentiferous lead, i. 570, 575, 
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; pmcests of cupellation; i. 581, 
582, 585 ; refining blicksilber at, i. 
598 ; barrel-amalgamation at, i. 689 ; 
silver extraction process at, i. 608- 
610 ; amalgam retorts used at, i. 
704, 705 ; Augustin process at, i. 
713 ; extraction of gold in dry way 
at, i. 764 ; reef-gold at, i. 757 ; gold- 
refining at, i. 858, 868 tt ntq, ; 
(>erstenhr»fer fumaces used for cal- 
cining zinc blende at, ii. 41 ; neutral- 
isation of sulphur acids at, ii. 53 ; 
manufacture of sulphuric anhydride, 
H. 75 ; mufiles at, ii. 131 ; tTiemens 
fumaces for zinc distillation used at, 
ii. 157, 168 ; older fumaces, ii. 150, 
160; extraction of zinc from lead 
ores, ii. 237 ; occurrence of cadmium 
in zinc ores of, ii. 243 ; extraction 
of bismuth from litharge at, ii, 363, 
364 ; lead ores worked for tin at, ii. 
419 ; arsenic at, ii. 475 1 extraction 
of arsenic, ii. 478, 482, 487 ; refining 
at, ii. 488 ; pr^uctioii of white 
arsenic glass, ii. 491 ; extraction of 
metal tram metallurgical pixMlticts 
at, ii. 571 ; production of * Kohglas* 
at, ii. 492, 493 ; pi'oduciion cd nroi- 
ment at, ii. 494 ; cobalt at, ii. 598 

French corral, Nevada Co., hydraulic 
mining at, i. 770 

Fresnillo, Mexico, patio process at, i. 
• 627, 646 

Friedriuhshiitte, Tamowitz pixiceBS of 
lead extraction, i. 303-306 ; Pilz 
furnace at, i. 352-354 ; smelting of 
residues from air-reiluction process 
of lead extraction, i. 420 ; hand- 
pattinsonising at, i. 511 ; dcsilver- 
ising by zinc method, i. 524, 531 ; 
distillation of zinc scums, i. 543-545 

Fiihrfurt, extraction of zinc by electro- 
lysis, ii. 210 


G 

Galicia, Spain, tin deposits in, ii. 370 
Gap mine. Pa., nickm ores at, ii. 508 ; 
shaft furnaces for roasting ores at, 
ii. 520 ; nickel extraction at, ii. 574 
et wq. 

Gard, antimony in, ii. 436 
Gastein, Salzburg, native gold in, i. 757 
Gavrilov works, the, Tomsk, proiluction 
of work lead from silver ores, i. 481, 
484 ; leading of silver mattes, i. 
486 at 9eq. 

Gawton mine, Devon, arsenic from, ii. 

480 ; condensing flue at, ii. 486 
Gefle, Sweden, nickel at, ii. 509 
Georgetown, Colorado, barrel-amalga- 
mation at, i. 692 

Georgia, copper pyrites in, i. 14 ; alu- 
minium in, ii. W, 684 


Gemiany, copper pyrites in, i. 14 ; 
absence of chalcocite in, i. 14 ; 
fahlore from, i. 15 ; English pro- 
cess of o(mper-anielting in^ i. 152, 
153 ; Angio-(ierinan process, i. 154 ; 
production of chlonde of copper 
in dry w^, i. 220; localities for 
galena, i. ^2 ; fahlore found in, i. 
467 ; native gold in, i. 757 ; localities 
for zinc blende in, ii. 13 ; for cala- 
mine, ii. 14 ; localities for antimony 
in, ii. 436 ; nickel coinage in, ii. 500 ; 
nickel orer in, ii. 508 airi. ; cobalt 
in, ii. 599 

Gisno, Hungary, antimony at, ii. 436 
Gladonltarb, nlokeliferousoresin, li. 509 ; 
smelting roasted matte, ii. 535 ; re- 
fining matte at, ii. 540 tt ttq. ; pro- 
duction of copper-nickel alloys, ii. 
545 It teq. 

Gladhammar, (x>balt at, ii. 599 
Glasgow, extraction of nickel from gar- 
nierite, ii. 555 

iilendale zinc works, the, Broum furnace 
for calcining zinc blende used at, ii. 
50 

Gdllnitz, Hungary, mercurial fahlore at, 
ii. ^9 (tttc Stephanshtttte) 

Gold Coast, native gold in, i. 

Gold River district, the, hydraulic min- 
ing at, i. 770 

(sioroblagodat, native gold at, i. 757 ; 

platinum from, ii. 617 
Cvoslar, smelting lead ores from, i. 885, 
.386, Astfeld) ; silver extrac- 

tion process at, i. 602, 6U3 ; inquart- 
ation at, i. 851 ; production of zinc 
vitriol at, ii. 23T wq, («ee Ram- 
melsberg) 

Gould, Montana, Boss system of pan- 
amalgamation at, i. 796 
(4ranada, calamine at, ii. 14 
Granby, Missouri, American water-cooled 
hearth at, i. 317, 318 
(irross Valley, California, amalgamation 
of gold in pans, i. 795 ; with amalga- 
mated plates, i. 797 ; Atwood's 
amalgamators at, i. 799 ; Plattner 
process at, i. 804 

Granpen, Bohemia, tin at, ii. 379 ; fur- 
naces for tin smelting at, ii. 402, 
403,409 

Great Falls, Montana, elaotrolytioal 
method of copper extraction, i. 261 
Greece, localities for galena, i. 282 ; for 
cerussite, i. 28B; zinc blende in, ii. 
14 ; calamine in, ii. 14 ; aluminium 
in, ii. 6^ 

Greenland, aluminium in, ii. 634 
Gross-Gdllnitz, Hunmiry, antimony at, 
ii. 436 ; extraotm of antimony at, 
ii. 489 

Guadalcanal, f^in, proustite at, i. 467 
Guadalcazar, Mexico, cinnabar at, ii. 
258 
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Guadalupe^ Bolivia, Tina amaltramation 
at. i. 700 

Guaina, Bolivia, bismuth at, ii. 352 
Guanaxuato, Mexico, silver glance found 
at, i. 460 ; patio process at, i. 635, 
643,646 

Guayacan, Chili, English process of 
copper smelting at, i. 152 
Guiana, native gol<f in, h 757 
Gympio gold fields, native gohl at, i. 


H 

Hall Valley, Colorado, furnace for roast- 
ing lead ores, i. 334-3:18 
Halsbritcke, Mee Freil)erg 
Hambom, neutralisation of sulphur acids 
from calcination of zinc blende, ii. 
53 ; Liebig-Kichhorn, furnaces at, ii. 
65, 66 : sulphur dioxide manufac- 
tured at, ii. 75, 76, 77, 80, 81 ; zinc 
distillation in muffles, ii. 104 ; con- 
struction of muffles at, ii. 131 ; 
Belgo-Silesian furnaces at, ii. 167 
Hamburg, Elbkupferwork, near, English 
process of copper smelting at, i. 152 ; 
gold-parting by electrolysis at, i. 
876 : North German Refinery at, ii. 
625 

Haminate, Algiers, antimony at, ii. 4.37 
Hancock, treatment of lake copper at, i. 
196 

Harz Mts. district, copper, normal heap- 
roasting, i. 34 ; furnaces used for 
smelting calcined copper ores in, i. 
07. 98 

Dead-roasting of copper matte in 
heaps, i. 114; in shaft-furnaces, i. 
115; refining copper in spleiss 
furnaces, i. 175, 176 ; toughening of 
copper at, i. 181 ; solution of copper 
as chloride in, i. 239 ; lead-works in, 
i. 279 ; composition of lead from, 
i. 282 ; lead ores rich in zinc from, 
i. 354 ; old lead furnace of, i. 364, 
365 ; modem lead furnace of, i. 369, 
370, 371, 374 ; Raschette furnaces in 
(see Altenau) ; treatment of lead 
matte in, i. 384 ; iron-reduction 
process of lead extraction in, i. 397- 
404 ; antimonial lead ores from, i. 
429 ; dyscrasito found in, i. 4^ ; 
miargyrite in, i. 466 ; pyrar^yrite, 

i. 466 ; leading silver matte, i. 489 ; 
zinc blende in, ii. 13 ; occurrence of 
cadmium in zinc ores of, ii. 243; 
antimony in, ii. 436 ; nickel ores in, 

ii. 506 

Harzgerode, nickel ores at, ii. 508 
Hate, Bohemia, antimony at, ii. 436 
Haute Loire, antimony in, ii. 439 ; 
arsenic in, ii. 476 

Haute Vienne, France, cinnaliar de- 
posits, ii. 257 


Havre, Cordurid process at Rothschild’s 
works at, i. 550; refining nickel 
matte at, ii. 543 et seq.; extraction 
of nickel from garnierite, ii. 555 
Hayti, platinum in, ii. 617 
Hebbum-on-Tyne, furnaces for produc- 
tion of chloride of copper at, i. 222- 
224 

Heiligenblut, Carinthia, native gold in, 
i. 757 

Helsingland, nickel ores at, ii. 508 
Hemilin^en, Beketoff’s incthoil of alu- 
minmm extraction at, ii. 645 
Hemixem, Belgium, production of 
chloride of copper in dry way, i. 
221 

Herzog Juliusliiitte, the, Astfeld, heap- 
roasting of lead ores at, i. .324 
composition of lead alloys at, i. 
347 ; smelting lead ore at, i. .385- 
386, 411 ; production of zinc white 
at, ii. 226 ; production oi zinc vitriol 
at, ii. 2.37 et aeq. 

Hesse-NaRsan, zinc blende in, ii. 13 ; 
cobalt in, ii. .599 

Hettstailt, amalgamation of copper 
matte at, i. 692, 693 ; Ziervogel 
cess at, i. 740 

Highland mill, Dakota, stamp mills at, 
i. 781-783 

Hoboken, Antwerp, refining of lead 
at, i. 442; desilverisinp by zinc 
inethtMl, i. 525 ; diRtillution of zinc 
scums, i. 543, 546 ; extraction of 
zinc oxides at, i. i>.’>.3-.>.59 ; production 
of zinc-silver alloy from work-lead, 

i. 564 ; refining blicksilber by 
Roessler's process at, i. 600; silver 
extraction process at, i. 602 ; extrac- 
tion of silver by electrolysis at, i. 
751 ; electrolysis of zinc-silver alloys, 

ii. 222 

Hohenlohe works, Silesia, furnaces for 
calcination of zinc blende, ii. 46 ; 
neutralisation of sulphur acids in 
calcination, ii. 55 ; Belgo-Silesian 
furnaces at, ii. 152-153, IM ; charge 
for zinc distillation at, ii. 161 ; num- 
ber of muffles broken at, ii. 172; 
refinixm furnaces at, ii. 179-180 
Holywell, Flintshire, English process of 
lead extraction, i. 301 
Holzappel, Hesse-Nassau, mlena from, 
i. 2S2 ; mechanical pattinsonising at,. 

i. 514 

Homberg, extraction of zinc by electro- 
lysis at, ii. 219 

Homestead, manufacture of ferro-nickcl 
by Canine Co. at, ii. 507 
Hoong Hai, Gnina, cinnabaf deposits in, 

ii. 258 

Hopewell works, the, Missouri, American 
water-cooled hearth at, ii. 318 
Horowitz, Bohemia, cinnabar deposits 
at, ii. 257 ; calcination of cinnabar 
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with lime or iron 
324 


without air, ii. 


Hiianchaca, Tina amalgamation at, i. 
700 ; ailver glance at, i. 466 ; ainc 
blende in, ii. 14 

Hudigawall, Sweden, nickel at, ii. 508 
Huelgo^t, France, ailver glance found at, 
i. 408 


Hue! Rock, Cornwall, tin pyrites found 
at, ii. 3^ 

Huelva, S^in, calcination of copper ores 
for sulphate, i. 212 
Huitauco, Mexico, cinnabar at, ii. 258 
Hungary, fahlore from, i. 15; galena 
from, i. 282; amalgam found at 
Rosenau in, i. 466 ; silver glance 
found in, i. 406 ; pyrargyrite 
in, i. 466 ; fahlore found m, i. 
467; stephanite in, i. 467; pol>- 
basite in, i. 467 ; drying up prooess 
in, i. 495 ; zinc blende in, ii. 14 ; 
mercurial deposits in, ii. 255, 259; 
localities for antimony in, ii. 436; 
arsenic in, ii. 475 '476; nickel ex* 
traction in, ii. 550; cobalt in, ii. 
598 


1 


Idaho, galena from, i. 282 ; pyrai g>*ritc 
in, 1 . 466 ; pan-amalgamation at, i. 
607 ; native gold in, i. 757 ; arrastra 
amalgamation, i. 772 ; Huntington 
mills used in, i. 774 

Idria, Camiola, cinnabar at, ii. 255 256 ; 
calomel at, ii. 259; heap-roasting of 
cinnal)ar at, ii. 204 ; transport of 
mercury from, ii. 266 ; shaft furnaces 
working intermittently, ii. 267 ; 
Bustainente furnaces at, ii. 268 ; 
Idria furnaces at, ii. 273-274, 276 ; 
Exeli furnaces at, ii. 280 et seq. ; 
Langer furnaces at, ii. 286 ; Ozer- 
mak furnaces at, ii. 305 ; Alberti^s 
furnaces at, ii. 309 ; reverberatory 
furnaces at, ii. 309 et neq. ; shaft 
furnaces proper, ii. 315, 318 ; Valalta 
furnaces, ii, 316-317 ; retort fur- 
naces in, ii. 821 ; calcination of cin- 
nabar with lime or iron without 
acid, ii. 324-326 ; composition of 
mercurial soot, ii. 830-331 ; treat- 
of soot at, ii. 332 et eeq . ; general 
arrangement of works at, ii. 336 et 
seq.; composition of various ores 
from, ii. 337 ; manufacture of arti- 
ficial cinna^r at, ii. 844-346 

Iglesiaa, Sardinia, hemimorphite at,ii. 15 ; 
burning of calamine in shaft furnaces, 
ii. 22 ; Oxland furnaces used in, ii. 
30 

Ifflo, Hungary, mercurial fahlore at, ii. 
269 

lldekansk, Siberia, cinnabar at, ii. 268 


Illimani, Bolivia, bismuth at, ii. 352 
Illinois, galena from, i. 382 
Uienborg, Harz, extraction of zinc by 
electrolysis, ii. 221 

India, localities for galena, i. 282 ; native 
gold in, i. 757 j stomp mill amalga- 
mation in, i. 785; antimony in, ii. 
436 

Iowa, galena from, i. 282 
Iowa Hill Ridge, hydraulic mining at, i. 
769 ./ 

Ireland, copper pyrites in, i, 14 ; copper 
kernel-imslingin, i. .36: galena from, 
i. 282 : platinum in, ii. 617 ; alu- 
minium in, ii. 633 

labita, amalgamation of gold in mortars, 

i. 789 

Isere, the, France, omnObar deposits, ii, 
257 

Iserlohn, Fleitmatm's nickel manufac- 
tory at, ii. 496 ; extrai'tion of nickel 
from garnieiite, ii. 555 ; composition 
of ooane nickel, ii. 592 
Isle of Man, galena from, i. 282 ; zinc 
blende in, ii. 14 

Italy, copper pyrites in, i. 14 ; localities 
for galena, i. 282 ; treatment of lead 
matte in, i. 384 ; native gold in, i. 
757 ; localities for zinc blende, ii. 14 ; 
for calamine, li. 14 ; cinnabar 
deposits in, li. 250-257 ; antimony in, 

ii. 436 

Ivitut, (Ireenland, alnminiuni at, ii. 
634 


J 


Jaen, Spain, lea«l smeltinx at, i. 394 
Japan, treatment of lead matte in, i. 
385; cinnabar deposits in, ii. 258; 
antimony in, ii. 436 
Java, cinnalmr deposits in, ii. 258 
Jeres Lanteira, Spain, converters used 
at, i. 165 

Jersey city, Passaic zinc works at, zinc- 
distillation furnaces at, ii. 128 ; ex- 
traction of zinc white at, ii. 226 
Joachiinsthal, Bohemia, patera process 
at, j. 718 ; bismuth at, ii. 352 ; 
extraction of bismuth in Hessian 
crucibles at, ii. 357 ; nickel extrac- 
tion at, ii. 576 ; composition of 
coarse nickel at, ii. 592 ; cobalt at, 
598 

Johann - Georgenstadt, Saxony, native 
silver at, i. 466 ; bismuth at, ii. 
852 

Johannisthal, Carniola, furnaces for 
calcining zino blende at, ii. 51 ; 
composition of spelter from, ii. 
182 

Joplin, Missouri, Jumbo furnace at, i. 
816, 318 ; extraction of zino from 
lead ores, ii. 235 et aeq, 

X X 2 
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Kaitshow, China, cinnabar deposits in, 
ii. 268 

Kamsdorf, nickel ores at, ii. 508 

Kansas City, smelting lead carbonate at, 

i. 416 ; liquation of rinc scums, i. 
638 ; silver extraction process, i. 602 

Kapnik, Hunga^, production of work- 
lead alloys from silver ores, i. 476- 
478 ; leading of silver matte, ii. 480, 
401 ; cupeUation of argentiferous 
lead, i. 682 ; silver extraction process 
at, i. 611 ; Augustin process at, i. 
700 ei Hf.q. ; treatment of silver 
sulphide at, i. 732 ; arsenic at, 

ii. 476 

Kara, R., native gold in, i. 757 

Karabach, Transcaucasia, copper stall- 
roasting in, i. 30 ; krummofen used 
in, i. 06 

Kasohau, amalgamation of black copper 
at, i. 604 

Katar, Karabach, krummofen used at, i. 
06 

Kattowitz, Hohenlohe works near, fur- 
naces for calcination of zinc blende 
at, ii. 46 ; neutralisation of sulphur 
acids from calcination of zinc blende, 
ii. 64-65 

Kawanl, Karabach, krummofen used at, 
i. 06 

Kedabeg, Caucasus, copper kernel roast- 
ing at, i. 36; roasting of copper 
fines at, i. 62 ; older furnaces in use 
at, i. 08 ; composition of copper 
mattes at, i. Ill ; production of 
coarse copper at, i. 110 120 ; German 
process of copper smelting at, i. 123 ; 
impurities in refined copper from, i. 
104 ; copper refining at, i. 106 ; 
eleotrolytical meth<M of copper 
extraction, i. 260 

Kefoun, Algeria, galena from, i. 282 

Keld Heaci, smelting of residues of air 
reduction process for lead, i. 410 

Kerpenyes, amalgamation of gold in 
mortars, i. 780 ; Hungarian mills at, 
i. 701 

Kilkivan, Queensland, cinnabar deposits 
at, ii. 268 

Kishtimsk, native gold at, i. 757 

Klausen, impurities in refined copper of, 

i. 170 

Klefva, Sweden, nickel at, ii. 608 ; heap 
roasting of nickel ores at, ii. 617-610 1 
furnaces for smelting nickel ores at, 

ii. 624-526 et neq, ; refining nickel 
matte at, ii. 641 et se^. ; pr^uction 
of copperniokelalloys, li. 646 ; extrac- 
tion of nickel from metallargical 
products, ii. 672; composition of 
coarse nickel, ii. 502 

K6nigidititte, production of chloride of 
copper in dry way, i. 221 ; muffle 


furnaces used for, i. 236 ; Claudet’s 
process, i. 730 

Kokomo, Colorado, pyritic smelting at, 

i. 166, 167 

Kolm Saigum, Munktell’s process of 
chlorination used at, i. 816 
Kongsberg, Norway, native silver at, 
1 . 466 ; leading in crucibles, i. 473 ; 
production of work-lead from silver 
ores, i. 480, 481 ; leading of silver 
mattes, i. 486 et eeq, ; cinnabar at, 

ii. 267 ; arsenic at, ii. 476 
KrageroS, Norway, nickel at, ii. 600 ; 

neap-roasting of nickel ores at, ii. 
617-610 ; smelting nickel ores at, ii. 
526 et seq. 

Kremnitz, Hungary, Huntington gold 
amalgamation mills used at, i. 776 ; 
gold refining at, i. 867 et eeq . ; anti- 
mony at, ii. 436 

Kreiizberg, Nagybanya, Hungarian mills 
at, i. 701 

Kunigunde works, 8ilesia, the charge 
for zinc distillation at, ii. 161 
Kuschvinsk, Altai Mts., platinum at, li. 
617 

Kweiyang, China, cinnabar near, ii. 268 


L 

La Cruz, Argentine Rep., cinnabar at, 
ii. 268 

Lake Superior, native copper from, j. 13, 
160 ; copper refining at, i. 182, 184, 
186 ; copper from, used for electrical 
purposes, i. 104; impurities in refined 
cop^r from, i. 104 ; native silver in. 

La Linooule, extraction of antimony at, 
ii. 441 

Lancaster Gap mine, Pa., nickel at, ii. 
600 

Landsberg, Bavaria, calcination of cinna- 
bar with lime or iron without air, ii. 
324 

Langelsheiin, heap-roasting of lead ores 
at, i. 324 ; composition of lead slags, 
i. 347 ; treatment of lead matte, i. 
384 ; smelting lead ore at, i. 386- 
386 ; silver extraction process at, i. 
602-603 

Langesund Fiord, Norway, nickel at, ii. 
600 

Langlaagte estate, Transvaal, Mac- 
Arthur-Forrest gold extraction 
process at, i. 833 

Lao Mts., India, galena from, i. 282 

La Pise, France, oomposition of lead slag 
from, L 348 ; treatment 6f lead matte 
at, i. 884 

Lapland, .English process of copper 
smelting at, i. 162 ; platinum in, ii. 
617 

La Salle, Illinois, furnaces for calcining 
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zino blende at, ii. 47 ; Haas iurnaces 
at, ii. 73 ; retorts at, ii. 105 ; zino 
distillation furnaces at, ii. Ill, 121, 
124, 120 

Launceston, charges for smelting tin- 
stone, ii. 398 

Laurium (Laurion), burning of calamine 
in shaft furnaces, i. 22 ; galena from, 
i. 282 ; oenissite from, i. 283 ; com- 
position of ancient slags from, i. 420 ; 
calamine at, ii. 14 

Lautenthal, Harz, iron reduction process 
of lead extraction at, i. 397 eK ttfq, ; 
furnaces used at, i. 398-401 ; smiting 
l^d matte at, i. 494 6t Mq . ; smelting 
litharge at, i. 425; treatment of 
abstrioh at, i. 427-429 ; oompoaition 
of lead before redning, i. 43&440 ; 
after refining, i. 442 ; hand-pattiuson- 
ising at, i. 51)5, 506, 507 ; desilveriz- 
ing by zino method, i. 526-527, 581 ; 
liQ nation of zino scums at, i. 537 ; 
treatment of desilverisedlead, i. 538 $ 
oxidation of zinc scums at, i. 551 ; 
extraction of zinc oxides at, i. 553, 
560 ; production of zinc-silver alloy 
from work -lead, i. 564 ; furnace for 
oupellation of argentiferous lead, i. 
570, 571 -574; process of cupellation, 
i. 583, 584; retining bUoksUber at, 
i. 590 ; by Hossler’s process, i. 600 ; 
silver extraction process at, i. 602 ; 
reef gold at, i. 757 ; gold refining at, 

i. 858 et wq, ; electrolysis of zinc and 
silver alloys, ii. 222 

Leadville, Colorado, galena from, i. 282 ; 
ceruBsite from, i. 282, 283 ; smelting 
of lead carbonate from, i. 413, 414 ; 
horn silver at, i. 467 

Leghorn, converters use<l at, i. 166 

Lehigh, Pa., burning of calamine in 
shaft furnaces, ii. 22 ; zino distilla- 
tion fuimces at, ii. 128 ; composi- 
tion of spelter from, ii. 182 ; extrac- 
tion of zinc white at, ii. 226 ; 
Wetheriirs furnaces used at, ii. 228 
et tieq. 

Lend, Salzburg, composition of refined 
copper of, i. 179 

Leogang, nickel ores at, ii. 508 ; stall- 
roasting at, ii. 559 ; smelting roasted 
nickel ore at, ii. 563, 567 

Letmathe, Westphalia, reverberat^ 
furnaces for burning calamine, ii. 20, 
27 ; pyrites burners for calcining 
zinc blende, ii. 40 ; Liebig-Kichhom 
furnace at, ii. 65 ; gases from retorts 
for zinc distillation at, ii. 85 ; Belgo- 
Silesian furnaces at, ii. 164 

Lettowitz, Silesia, fiieproof clay from, 

ii. 93 

Levant mine, Cornwall, arsenic from, ii. 
480 

Lexington mill, Montaiia, Stelefeldt, 
furnaces at, i. 680, 687) 698, 700 


Li^ge, zinc distillation furnaces used at, 
ii. 112, 121 

Lillehammer, Norway, nickel ores at, ii 
508 

Limoges, native merourv near, ii. 255 
Linares, galena from, i. 282 ; oerussite 
from, i. i983 ; English process of 
lead extraction, i. 300 
Linz, on the Rhine, wet copper extraction 
process at, i. 199, 200 ; extraction of 
antimony at, ii. 460 

Lipine, furnaces forkuniing calamine at, 
ii. 32 ; pyrites burners for calcining 
zino blende, ii. 40 ; furnaces for 
calcining zino blende at, ii. 46; 
Hesciiclever-Helbig, furnaces at, ii. 
59, 60, 61 ; Hascnolever furnaces at, 
li. 69. 70 ; the KiVliler fumaoe at, ii. 
74; suli^ur di<»\ide manufBcture<l 
at, ii. 75, 77 -HI ; Belgo-Silesian 
furnaces at, ti. 165; zinc refining 
at, ii. IH], )H2; composition d zino 
fumes at, ii. 183 ; eleotrolysis of zinc 
ores at, ii. 212 ; extraction of cad- 
mium at, ii. 244, 245 
Liptau, Hungary, extraction of antimony 
at, ii. 444 

Lipto Szt Niklos, Hungary, composition 
of tefined antimony from, ii. 467 
Littai, Carniula, calcination of cinnabar 
with lime or iron, ii. 3.&6, 327, 328 
Liverpool, ate St. Helens 
Lixa, Portugal, method of antimony ex- 
traction at, ii. 470 

Lrtilling, Carinthia, bismuth at, ii. 852 ; 
arsenic at, ii. 476 

Lohe, Siegen, leading silver matte, i. 486 
IiOin1>ardy, zinc blende in, ii. 14 
London, Miller’s process of gold parting 
used at the mint, i. 847, 848 
Losonez, Hungary, extraction of nickel 
from arsemcal ores at, ii. 559 
Lota, Chili, En^^lish process of copper 
smelting at, 1. 152 ; converter process 
at, i. 166 

Loyse, Peru, native silver at, i. 466 
Lydof^ia works, the, Silesia, cadmium 
present in zinc from, ii. 3 
Lyonnais, antimony in, ii. 436 


M 

Magdeburg-Bruokau, the Gnisoii Com- 
pany of , electro-metallurgical method 
of copper extraction at, i. 252-256 
Magurka, Hungary, antimony at, ii. 
436 ; extraction of antimony at, ii. 
489, 444, 459 

Majdanpec, Servia, heap • roosting of 
copper pyrites for sulphate, i. 213, 
214 

Malaga, Spain, nickel ores in, ii. 509 
Malay, gold prospectors' pans used in, i. 
760 ; tin in, ii. 879 ; tin smelting 



6 78 


GEOGRAPHICAL INDEX 


furnaces in, ii. 403 {we Htraits 
Hettletnents) 

Malbooe, extraction of antimony at, ii. 
439, 441 

Malla-Malla Mts., galena from, i. 282 

Manhattan, StetefeUlt, fumaccH at, i. 
688 ; treatment of mercurial Boot at, 
ii. ^ 

Manilla, enargite from, i. 13 

Mansfeld, copper {tyrites fn>m, i. 14 ; 
bomite from, i. 14 ; treatment of 
kiipferscliiefer, i. 38 ; composition 
of Blags from, i. 90, 91 ; circular 
furnaces at, i. 92, 9.3, 100, 101 ; hot 
blast used at, i. 93 ; forehearths 
used at, i. 93 ; copper furnaccH 
formerly in use at, i. 97 : process of 
smelting at, i. 110; Oerstenhofer 
furnaces at, i 116; composition of 
coarse copper from, i. 118; com- 
position of diinnstem from, i. 119; 
composition of slags in production 
of coarse copper, i. 119 ; composition 
of knieat at, i. 121 ; composition of 
slags in German concentration pro- 
cess, i. 122 ; smelting coarse metal 
at, i. 142 ; Anglo-German process of 
copper smelting at, i. 134, 155; 
copper refining at, i. 174, 179, 181, 
183, 184, 197 ; composition of re- 
fined cupper, i. 194; electrolytical 
method of copper extraction, i. 260 ; 
treatment oi copper flue dust, i. 
422 ; silver in the copper schist of, 
i. 468 ; Augustin process at, i. 708 
H aeq, ; extraction of nickel from 
slags at, ii. 587 

Marseilles, works of Hilarion Roux and 
(k)., electrolytical method of copper 
extraction, i. 260 {see Escallotte) 
Marysville, Montana, stamp mills at, i. 
782, 784, 785 ; amalgamation with 
amalgamated plates, i. 797 
Massachusetts, aluminium in, ii. 634 
Matto Grosse, Brazil, platinum at,ii. 617 
Maudlins works, Austria, nickel ores 
smelted at, ii. 567 

Mazairon, Spain, lead smelting at, i. 

394 ; refining of ore from, i. 442 
Meohemioh, composition of galena from, 
i. 282; furnaces for roosting leati 
ores at, i. 334, .338 ; composition of 
slag from smelting works at, i. 347 ; 
composition of lead matte from, i. 
.381, 382; treatment of lead matte 
at, i. 384 ; lead smelting at, i. 390 ; 
composition of ore, i. 300 ; distilla- 
tion of zinc scums, i. 540 
Mfflinot, near St. Ld, native mercury at, 
a 255 

Melrose, Califomia, patera process at, L 
719 

Mexico, copper pyrites in, i. 14 ; galena 
from, i. ^2 ; treatment of lead matte 
in, i. 385 ; lead carbonates from, i. 


414 ; native silver in, i. '466 ; silver 
glance in, i. 466 ; miargyrite in, i. 
466 ; pyrari^rite in, i. 466 ; stepha- 
nite in, i. 467 ; polybasite in, i. 467 ; 
horn silver in, i. 467 ; brumite in, i. 
467 ; iodite in, i. 468 ; amalgamation 
process of silver extraction, i. 6M 
et seg. ; Cazo process, i. 618 ; Patio 
process, i. 625 et aeq. ; Boss process, 

L 675 ; gold prospectors’ pans used 
in, i. 7&> ; »nc blende in, ii. 14 ; 
cinnabar deposits in, ii. 258 ; onofrite 
and coocinite in, ii. 2.59 ; tin in, ii. 
379 ; antimony in, ii. 4.36, 437 ; 
platinum in, ii. 617 

Meymac, France, bismuth ochre deposits 
at, ii. 352 ; treatment of ores from, 
ii. 360, .362 

Miask, Altai Mts., native gold in, i. 757 ; 
platinum at, ii. 617 

Michaelsberg, Bohemia, antimony at, ii. 
436 

Michigan, native copper from, i. 13 ; 
native silver in, i. 466 

Mieres. Spain, cinnabar at, ii. 257 

Milleschau, Bohemia, antimony at, ii. 
430 ; extraction of antimony at, ii. 
4.39; refining of antimony, ii. 463, 
465 

Minos Geraes, platinum at, ii. 617 

Mirow, cla^ for ve.sselH for zinc reduction 
from, li. 91 

Missouri, galena from, i. 282 ; introduc- 
tion of new lead -extraction process, 
i. 2fK) ; water-cooled American hearth 
used in, i. 314 ; ziuc blende in, ii. 
14 ; calamine in, ii. 14 ; heinimor- 
phite in, ii. 14; impurities in spelter 
troin works in, ii. 182 ; extraction of 
zinc white in, ii. 226 et at q.; cobalt 
in, ii. 598, 599 

Mittelsteine, Silesia, clay-shale from, ii. 
166 

Moaldt, Kaiser, electrolytical method of 
copper extraction, i. 260 

Mons, Belgium, the Bleyberg lead ex- 
traction process at, i 30^308 

Montana, copper pyrites in, i. 14 ; copper 
stall-roasting in, i. 39, 40 ; Spence 
furnaces ubm at, i. 62, 63 ; fixed re- 
verberatory copper furnaces ati i. 
71 ; quartz used as smelter-bed in, 
i. 131 ; English process of copper 
smelting in, i. 153; electrolytical 
method of c^per extraction, i. 261 ; 
mlena from, i. 282; treatment of 
lead matte in, ii. 384 ; combination 
process of silver extraction in, i. 
674 ; native gold in, i. 757 ; arrastra 
amalgamation, i. 772; Huntington 
mills used in, i. 774 ; stamp mills in, 
i. 782, 784, 785 ; Bow svstem of pan- 
amal^mation ip, i. 796 ; amalgaina* 
tion with amalgamated plates, i. 
707 : antimony in, ii. 435 
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Monte Ainiata, Tuscany, cinnabar de- 
posits at, ii. 256 ; calcination of 
cinnabar with iron or lime, ii. 326- 
328,329 

Montebras, Creuse, tin at, ii. 379 
Montofiore, shaft-furnaces for burning 
calamine at, ii. 23 

Monteponi, Ferrari’s furnace for burning 
calamine at, ii. 26-28 ; Oxland 
furnace used at, ii. 30 
Montpellier, native mercury and calomel 
at, ii. 255 

Moresnet, burning of calamine in shaft 
furnaces, ii. 22; in reverberatory 
furnaces, ii. 31 ; ainc distillation in 
retorts, ii. 1(14 ; Li^ge fumaoes at, 
ii. 113, 114 ; gas-fired furnaces with 
regenerators at, ii. 120 
Morriston, zinc- distillation retorts at, ii. 

106 ; furnaces at, ii. 114, 115, 116 
Morro Vclho, Brazil, rotating liarrel gold 
amalgamation at, i. 790 
Moschellandsberg, Palatinate, amalgam 
found at, i. 466 ; native amalgHUi 
found at, ii. 255 ; cinnatwr deposits 
at, ii. 257 ; calomel at, li. 259 
Mohs, Norway, nickel at, ii. 509 
Motte mine, Missouri, cobalt at, ii. 599 
Mount Bischolf, Tasmania, tin at, ii. 

379 ; charges for smelting, ii. 398 
Mount Cory mill, Nevada, imtera process 
at, i. 719 

Mount Morgan, Queensland, native gold 
at, i. 757 ; I'lattner process at, i. 
806 ; SSutton’s process oi gold chlorin- 
ation, i. 815 ; Newbery- vautin pro- 
cess of chlorination, i. 816 ; Thies 
process, i. 817 ; precipitation of gold 
from chlorine solution, i. 819 neq, 
Muhlbach, {Salzburg, Gorman process of 
copper smelting and matte concen- 
tration, i. 124; bauxite at, ii. 583 ^ 
Miihlheim, zinc-distillation in retorts, ii. 
104 

MUnsterbach, iStolberg, distillation of 
zinc scums, i. 543 ; furnaces for 
calcination of zinc blende at, ii. 
46 ; Hasenclever funnies at, ii. 
69; gases from retorts in zinc dis- 
tillation at, ii. 85 ; manufacture of 
muffles at, ii. 109, 131 ; Belgo-8i- 
lesian furnaces at, ii. 146, 170; loss 
of zinc in distillation, ii. 171 ; num- 
ber of muffles broken at, ii. 172 ' 
Miisen, treatment of lead matte at, i. 
384 ; Rothenbach works near, pro- 
duction of work 'lead alloys mm 
silver ores, i. 475, 480 ; leading silver 
ores at, i. 489, 494 ; cupellation of 
argentiferous leail, i. 563 
Miissen, cobalt at, ii. 599 
Mulden works, Freiberg, Gerstenhofer 
fumaoes used at, ii. 41 ; mwulacture 
of sulphuric azihydride, ii. 75 {nee 
Freiberg) 


Murcia, 8pain, treatment of lead matte 
in, i. .384, 394 ; smelting of oxidised 
lead ores in, i. 413 

Mysore, Cular goldfields of, pan-aiU'ilga- 
Illation at, 1. 796 


N 

Hiebenbilrgen, compounds of 
gold with telluiium, i. 7*W 
Nagybania, copper pyrites from, i. 14 ; 
heap-roasting of copper oies, i. 84 ; 
Desigiiollc’s amalgamation prooessat, 
i. ; Kiss process at, i. 733 ; ex- 
traction of gold in dry way at, i. 768 ; 
Hungarian mills at, 1. 791 ; anti- 
mony at, ii. 436 

Namur, Belgium, clay for vessels for 
zinc-redliction from, ii. 91 
Nanzenbach, nickel ores at, ii. 508 
Nassau, aluminium in, ii. &33 
Nato^’e, Belgium, clay ffir vessels for 
zinc-reduction from, ii. 91 
Naxos, Greece, uluminium at, ii. 684 
Nebraska, see Omaha 
Neuniarktel, Camiola, cinnahar at, ii. 
257 : extraction of mercury in shaft- 
furnaces, ii. 315 

Neumiihl-Hamlioni works, Oberhausen, 
Belgo-Silesian furnaces at, ii. 168 
Neunide, fire-proof clay from, ii. 93, 181 
Neusohl, composition of copper speissat, 

i. Ill : extraction of antimony at, 

ii. 444 

Nevada, galena from, i. 282 ; Arent's 
syphon tap used in lead smelting 
works of, 1 . 356 ; treatment of lead 
matte in, i. 385 ; combined iron- 
reduction process— smelting oxidised 
lead ores, i. 412; native silver in, 
i. 466 ; silver glance in, i. 466 ; pyra- 
gyrite in, i. 4fi5 ; proustite in, i. 467 ; 
Washoe pnicess in, i. 659, 671 ; Boss 
process, i. 675 ; Patera process in, 
1 . 719 ; native gold in, i. 757 ; stamp 
mill amalgamation in, i. 785; anti- 
mony in, u. 436 

Nevada city, California, calcination of 
gold ores in, i. 809; precipitation 
from chloride solution, i. 825 
Nevjansk, Altai Mts., platinum at, iL 617 
New Almaden, California, cinnabar de- 
posits in, ii. 257 ; antidotes to mer- 
curial poisoning at, ii. 264 ; shaft fur- 
naces working intermittently, ii. 267 ; 
externally fii^ furnaces at, ii. 276 ; 
Exeli furnaces at, ii. 280, 2S2, 2M ; 
Httttner and Scott furnaces, ii 298 
et mq , ; Livermore fumaoes at, ii 305 ; 
treatment of mercurial soot at, ii. 
332, .334 

Newark, New Jersey, electrolytical 
method of copper extraction, i. 201 ; 
desilverisingby zinc method, i. 524 ; 
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liquation of zino scums, i. 538; dis- 
tillation of zino scums, i. 540 ; cii- 
mllation process at, i. 592; zinc 
distillatioii famaoes at, ii. 128; 
extraction of zinc white at, ii. 226 
NeuTBriinswick, extraction of antimony 
at, ii. 447, 448, 451, 453 
New Caledonia, composition of coarse 
nickel, ii. 592 ; cobalt in, ii. 599 ; 
extraction, ii. 603 

Newcastle, N.S.W., extraction of zinc 
by electrolvsis, ii. 219 
Newcastle-on-'ll'yne, Me8.srs. Cookson and 
Co.’s works at, i. 312; Rozan process 
at, i. 518 

Newfoundland, copper pyrites from, i. 14 
New (jranada, platinum, ii. 617 
Ncwldria, California, cinnabar deposits 
in, ii. 257 

New Jerse}', Orford furnaces used in, 

i. 104 ; impurities in zinc from, ii. 
3, 4 : zinc blende in, ii. 14 ; calamine 
in, ii. 14 ; bemimorphite in, ii. 15 ; 
willemite in, ii. 15; zincite in, ii. 
15 ; franklinite in, ii. 15 ; extrac- 
tion of zino white, ii. 226 tt aeq. 

New Mexico, malachite from, i. 13; 
azurite from, i. 14 ; chalcocite from, 
i. 14 ; smelting of oxidisotl and acid 
copper ores in, i. 167- 168 ; galena 
from, i. 282 ; Huntin^on gold-amal- 
gamation mills used ui, i. 774 
New South Wales, copper pyrites from, 
1. 1 1 ; galena from, i. 282 ; smelting 
lead carbonate in, i. 415, 416; native 
sold in, i. 757 ; zinc blende in, ii. 14; 
bismuth deposits in, ii. 352 ; tin 
deposits in, li. 379 ; antimony in, ii. 
436 ; platinum in, ii. 607 
New York, galena from, i. 282 ; Hossie 
funiace useil in, i. 313; gold refining 
at the mint, i. 856, 857 cf ncq. 

New Zealand, native gold in, i. 757 ; 
stamp mill amalgamation in, i. 785 ; 
Mac Arthur- Forrest gold-extraction 
pnKJOSs, i. 840 ; cinnabar deposits in, 
li. 258 : antimony in, ii. 436 ; pla- 
tinum in, ii. 607 
Nicaragua, antimony in, ii. 436 
Nikitowka, Russia, cinnabar at, ii. 255, 
256 ; arrangement of works at, ii. 341 
Nishni-Tagilsk, Ural Mts., Skinder fur- 
nace used at, i. 107, 108 ; impurities 
in copper from, i. 194 ; platinum at, 

ii. 617 

North Bloomfield mine, California, hy- 
draulic mining at, i. 769 . 

Norway, copper pyrites in, i. 14 ; copper 
heap-roasting in, i. 27, 30-34, 36, 37, 
114 ; production of chloride of copper 
from ores of, i. 221 ; galena from, 
i. 282 ; native silver at Kongsberg 
in, i. 465; pyrargyrito in, i. 466; 
native gold in, i. 757 ; cinnabar de- 
posits m, ii. 257 ; bismuth deposits 


in, ii. 352 ; arsenic in, ii. 475 ; nickel 
in, ii. 508 ; cobalt in, ii. 599 
Noumea, New Caledonia, extraction of 
nickel from garnierite, ii. 554. 

Nova Scotia, native gold in, i. 757. 
Nussi^res, occurrence of cadmium with 
zinc from, ii. 243 


0 

Oakland, California, extraction of anti- 
mony at, ii. 454, 462, 463 
Oberhausen, furnaces for calcination of 
zinc blende, ii. 46, 48-50; Hasen- 
clever-Helbig, furnace at, ii 62 ; 
Haas furnaces at, ii. 73; Belgo- 
Silesian furnaces at, ii. 167 ; treat- 
ment of Swedish ores fur mercury, ii. 
342 

Oberschlema, Saxony, barrel amalgama- 
tion at, i. 695 ; treatment of bismuth 
ores at, ii. 353, 357 ; separation of 
nickel and cobalt at, ii. 602 
Offenlmnya, Siebenbilrgen, compounds of 
gold with tellurium at, i. 758 
Okor, copper pyrites burners used iit, i. 
46, 47, 49 ; kilns at, i. 51, 52 ; fixed 
reverberatory copper fumaces at, i. 
71 ; Hasenclever muffle furnaces 
at, i. 83, 84; composition of slags 
from, i. 90: circular shaft furnaces 
at, i. 92, 93, 98 ; composition of copper 
mattes at, i. Ill ; calcination of 
copper matte at, i. 115; concentra- 
tion of matte at, i. 121 ; romponition 
of spiirstein at, i. 121 ; (composition 
of slag from concentration process at, 
i.l22 ; composition of (copj^r) coarse 
metal at, i. 142 ; composition of 
white metal at, i. 143 ; Anglo- 
German process of copper smelting 
at, i. 154-158 ; copper refining at, i. 
178 , 179 , 197, 198 ; production of 
chloride of copper in dry way, i. 
^1, 222 ; furnaces used at, i. 224, 
225 ; composition of ores treated 
for copper chloride, i. 225-227 ; 
arrangement of works at, i. 228, 
229; solution of copper as chlo- 
ride, i. 238-240; precipitation of 
copper from chloride, i. 242, 243, 
246; composition of cement copper 
from, i. ^ ; eleotrolytical method 
of copper extraction at, i. 260 ; 
efficiency of Siemens and Halske 
dynamos at, i. 265 : arrangement 
of baths at, i. 265, 266, 267 ; kilns 
for roasting lead ores at, i. 328, 
3^ ; composition of kad matte 
from, i. treatment of lead 

mattes, i. 888; iron slags from, 
used in dead smelting, i. 385 ; de- 
silvering by zinc method, i. 594; 
refining blicksilber at, i. 599 ; silver 
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extraction procese at, i. (K)3-608 ; 
Ciaudet’s prooesB, L 739; treat- 
ment of bticksilber for gold at, i. 
844 ; gold refining at, i. 860, 881, 
806 6 ^^ 9 . 

Oldbury, aluminium works at, ii. 640 
Olekma R., native gold in, i. 757 
Olpe, nickel ores at, ii. 508 
Omaiia, Nebraska, calcination of coppr 
matte in RrUokner furnace, i. 116; 
furnaces for calcination of coarse 
metal at, i. 140 ; lead refining at, i. 
45*2, 453 ; desilverising by zinc 
method, i. 524, 533 ; liquation of 
zinc scums, i. 587 ; treatment of 
desilvi^rised lead, i. 589 ; cupellation 
process at, i. 592, 594 
Omaperesee, New Zealand, cinnabar 
deposits at, ii. 258 

Ontario, calcination of gold ore in, i. 

809 ( VP Sudbury) 

Oi>orto, aiitiiiiouy at, ii. 436 
Oregon, native gold in, i* 757 ; arrastra 
amalgamation, i. 772; Huntington 
mills used in, i. 774 ; oxtrataion of 
^old by bromine, i. 827 ; nickel ores 
in, ii. 509 ; platinum in, ii. 617 
Ore Knob, U.8. A., calcination of copwr 
ores for copper oxide, i. 216 ; smu- 
tion of cop^r as oxide, i. 236 
Orford works, nickel refining at, u. 593 
Oro Preto, Brazil, cinnabar at, ii. 258 
Ortiro, Bolivia, bismuth at, ii. 215*2 ; tin 
at, ii. 379 

Ossa, Kn'ihnke process at, i. 622 


P 

Palatinate, amalgam found at Moschel- 
landsbera in the, i. 496 

Panucillo, Cliili, English process of 
craper smelting at, i. 15*2 

Par, Cfomwall, roasting of tinstone at, 
ii. 386 

Paranagra, Brazil, cinnabar at, ii. 238 

Parenos, Mexico, miargyrite at, i. 466 

Paris, parting of gold by sulphuric acid 
at, i. 853 

Passaic zinc works, the, Jersey cit^*, 
zinc distillation furnaces used at, li. 
128 ; composition of spelter from, 
ii. 182 ; production of zino-white at, 
ii. 231. 

Pedemal, Mexico, cinnabar at, ii. 258 

Pengelly, Cornwall, nickel ores at, ii. 
508 

Pennsylvauia, impurities in zinc from, ii. 
3 ; zinc blende in, ii. 14 ; calcine 
in, ii 14 ; heminiorphite in, ii. 15 ; 
extraction of zinc-white, it 226 et 
aeq. ; nickel ores in, ii. 508 et aeq. 

Perak, Malay, tin-smelting furnaces at, 
ii. 403-405, 406, 410 

Perm, Russia, cuprite from, i 13; 


smelting of cupriferous sandstones 
at, i. 167 

Perth Amboy, New Jersey, fire-proof 
clay from, ii. 92 

PertuBola, near Spezzia, treatment of 
matte at, i. 884 ; smelting of litharge 
at, i 424 

Peru, co^yper pyrites from, i. 14 ; ata- 
camite aud enargite from, i 15; 
native silver in, i. 466 ; silver glance 
ill, i. 466 ; hom siKer in, i. 467 ; 
amalgamation prootss of silver ex- 
traction, i. Ql^etarq. ; Caap process, 

i. 6)8; Patio process, i. 625 et aeq , ; 
native gold m, i. 757 ; tin in, ii. 
879 ; bismuth deposits in, ii. M2 ; 
cinnabar deposits in, ii. 258 

Peru, near La Salle, Siemens gas-fired 
zinc distillation furnace usm at, ii. 
124 

Pestarena, native urild at, i. 757 
Petit Quenlly, ni^el extraction at, ii. 

578 ; extraction of oolialt at, ii. 608 
Pfannenstiel, Saxony, treatment of bis- 
muth ores at, ii. 353 ; iiiokel-refining 
at, ii. 592 

Philadelphia, inquartation at, i. 861, 
852 ; luckel-refining iti, ii. 592 
Philipsbiirg, Montana, pan-amalgama- 
tion at, i 697 

Ph<enixh(itte, Hungary, composition of 
diinnstein from, i. 119 
Phumixvillo, circular shaft -furnaces used 
at, i. 103 ; Huiit-Douglas copper 
process at, 202, 203 

Piaxi Castatfiiajo, Monte Amiata, cin- 
nabar fieposits at, ii. 256 
Piedmont, zinc blende in, ii. 14 
Pine Flat, the Missouri mine at, retort 
furnaces for mercury extraction 
used at, ii. 322 ; calcination of cin- 
naljar with iron or lime without air, 

ii. 324 

Piriac, Brittany, tin at, ii. 379; slag 
from oras from, ii. 398 ; composi- 
tion of pure tin from, ii. 417 
Pitkaranta, Finland, tin deposits at, ii. 
379 

Pittsburg, Pa., treatment of native cop- 
per at, 1. 109, 185, 180, 196 ; de- 
silverising by zinc method, i. 524 ; 
liquation of zinc scums, i. 538 ; gold 
parting by electrolysis at, i. 874 
et aeq. 

Poland, calamine in, ii. 14 
Pontgibaud, galena from, i. 282 ; treat- 
ment of food matte at, i. 884 
Poroo, Bolivia, tin at, ii. 370 
Port Pirie, N.S.W., smelting of lead 
carbonate at, i. 416 ; refining of lead 
at, i. 450, 451, 452; production of 
work-lead allo^rs from silver ores, i. 
474 ; zinc desilverising process, i. 
533; liquation of zinc scums, i. 
536, 537; treatment of desilverised 
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iMdt i. saS; dHtUlation of sine 
aouvM, i. 548; oupellation proceas, 

Portugal, oopMr pyrites in, i. 14 ; pro- 
duction ox chloride of copper in dry 
wtkv, i. 220, 221 ; tin deposits in, ii. 
379 ; antimony in, ii. 436, 470 
Potoai, Bolivia, niiaigyrite at, i. 466; 

tin at, ii. 370 ; bismuth at, ii. 352 
Poullaouen, Brittany, French process of 
lead-extraction at, i. 308, 300 ; pro- 
duction of silver-lead alloys in lead 
baths, i. 474 ; composition of tin- 
stone Bias from, ii. 398 
Prayon, doulne furnaces for zinc distilla- 
tion at, ii, 118 
Prussia, cobalt in, ii. 598 
Przibram, Bohemia, fortschaufelungs- 
ofen in use at, i. 332, 333; com- 
position of lead slag from smelting 
works at, i. 347 ; furnaces at, 
i. 368, 369, 370 ; composition of 
lead matte from, i. 381, 382 ; roast- 
ing lead matte at, i. 383, 384 ; lead 
smelting at, b 391 , 392 ; composition 
of lead ores, i, 391 ; refining furnaces 
at, i. 443, 444 ; older forms of, i. 446, 
447, 460 ; composition of refined leoil 
from, i, 45U ; miar^rite at, i. 406 ; 
Rozari {irocess at, i. 616, 617-619; 
furnace for cupellation of argenti- 
ferous lead, i. 570, 575 ; process of 
<‘upellationj i. 581, 582, .585, 580 ; 
refining blicksilber, i. 598; occur- 
rence of catlmium with zinc from, ii. 
242, 243 ; antimony at, ii. 436, 437. 
Pueblo, Colorado, Philadelphia smelting 
works near, i. 412-414 ; leading of 
silver mattes, i. 486 ; liquation 

of zinc scums, i. 638 

l^ilaski, Virginia, Bertha works at, 
zinc distillation furnaces used at, ii. 
129 ; composition of spelter from, ii. 
183 

Puy de Dome, arsenic in, ii. 476 


Q 

<^uebec, wt Sherbrooke. 

Quebradillas mine, Zacatecas, Patio 
process at, i. 646. 

<^ueensland, copper pyrites from, i. 14 ; 
galena from, i. 282 ; native gold in, 
1 . 767 ; <lireut cyaiiidation process 
in, i. 839, 840 ; bismuth deposits in, 
ii. 352 ; tin in, ii. 379 

Querbach, Silesia, eolmlt at, ii 699 


R 

Kaibl, Carinthia, Carinthian pitHsees of 
lead extraction at, i. 290 
Ramee, antimony extraction at, ii. 444 


Rammelaberg, eopper pyrites from, i. 14, 
45 ; oopper ores of, roasted at Oker, 

i, 46 ; smelting of oopMr ores of, i. 
155-158 ; composition ot ores, i. 156 ; 
smelting of lead ores from, i. 385, 
386 ; reef-gold at, i. 757 ; production 
of zinc vitriol from, ii. 237 aeq, 

Ramsbeok, Westphalia, galena from, i. 
282 ; treatment of lead matte, at, i. 
384 

Rauris, Salzburg, native gold at, i. 757.^ 

Ravaspatak, amalgamation process at, i. 

Recke Works, the, near Roszdin, pyrites 
burners for calcining zinc blende at, 

ii. 40 ; furnaces for calcining zinc 
blende at, ii. 46 ; Hasenclever-Relbig 
furnaces at, ii. 61, 62 ; Hasenclever 
furnaces at, ii. 69, 70 ; composition 
of spelter from, ii. 182 

Redington, California, intermittent shaft- 
furnaces at, ii. 267 ; externally fired 
furnaces at, ii. 276 ; Knox furnaces 
at, ii. 289-292 ; Livermore furnaces 
at, ii. 303 -305 ; treatment of mer- 
curial soot at, ii. 332 

Redruth, Cornwall, bismuth at, ii. 362 

Reichenstein, reef-gold at, i. 767 ; arsenic 
at, ii. 476 ; extraction of, ii. 479, 
481 , 482, 486 ; production of ‘ rohglas’ 
at, ii. 492, 493 ; oi*piment, ii. 494 ; 
nickel ores at, ii. 509 ; Plattner 
process at, i. 804 ; chlorination of 
gold ore at, i. 810 

Rcmagen, Prussia, Tubalkaiii works near, 
English process of copjier smelting 
at, i. 152, 163 

Reno, Stetefeldt furnaces at, i . 688 

Kuwdansk, Ural Mountains, nickel ores 
at, ii. 609 

Rhine, native gold in, i. 767 ; platinum 
in sands of| ii. 617 

Rhine Provinces, zinc blende in, ii. 13 ; 
ciilamiiie in, ii. 14 ; Hasonclever- 
Helbig furnaces used in, ii. 59 ; muffle 
furnace for zinc distilUtion used in, 
ii. 97, 98, 103, 104, 137, 146 ef eeq. ; 
loss of zinc in distillation, ii. 170 ; 
mercurial deposits in the zinc ores 
of, ii. 259 

Ribas, Spain, arsenic with gold at, ii. 
476 ; extraction of, ii. 479, 487, 491 ; 
proiluction of * rohglas ' at, ii. 492, 
493 

Riddle station. Oregon, nickel ores at, 
ii. 509 

Riechelsdorf, (xcnnaiiy, nickel ores at, 
ii. 508 ; cobalt at, ii. 598, .599 

Ringerick, Norway, nickel at, ii. 509 ; 
heap roasting of nickel ores at, ii. 
517, 519 ; smelting nickel ores at, ii. 
525 et wq. ; refining matte at, ii. 
541 ; products of copper-nickel alloys, 
ii. 5w et Meq. ; extraction of nickel 
from metallurgical products, ii. 572 
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Rio Tinto, copper pyritM from, i. 14 ; 
for^nation of chloride of copper by 
DotBch process, i. *217, 218, 237; 
solution of copper as sulphate at, i. 
236; precipitation of copper from 
cupric sulphate, i. 240, ^1; from 
chloride of copper, i. 242, 245 ; 
composition of cement-copper from, 

i. 248; copper ores from, i. 45; 
precipitation of sulphide of oopptt* 
at, i. 209, 212; renning of eeinent 
copper, i. 247 

Ripa, Lucca, Italy, cinnalicr deposits at, 

ii. 257 ; extraction mercury in 
shaft-furnaces, ii. 315 

Kochlitz, Rieseiigebirge, attempted lix- 
iviation of copper by means oi 
ferrous chloride, i. 204 

Rodiia, Transylvania, furnace for roasting 
lead ores at, i. 3% 

Horus, copper pyrites fmm, i. 14 ; copper 
heap-roasting in, i 274 3(k 54, 36, S7 ; 
composition of slags feoiu, i. 90, 116 ; 
matte bessemerisM at, i 159 ; iStal 
man converter used at, i. 166 

Rome, New York, extraction of silver by 
electrolysis at, i. 75(# 

Rosenau, Hungary, amalgam found at, 

i. 4^ ; native amalsam found at, 

ii. 255 ; mercurial tahlore at, ii. 
259 ; antimony at, ii. 436 ; ex- 
traction of antimony at, ii. 439, 
444 

Rossie, furnaces for lead extraction used 
at, i. 313, 314, 317 

Roszdin, Paul works near, reverberatory 
furnaces for burning calamine used 
at, li. 27 ; Recke works, pyrites 
burners for calcining zinc blende at, 
ii. 40 ; famaces for calcining zinc 
blende at, ii. 46 ; Hasenclever fur- 
naces, ii. 69, 70; construction of 
muffles at, ii. 132 ; Belgo-Silesian 
furnaces at, ii. 167 ; Siemens furnaces, 
ii. 169 

Rothenbach works, the, Mttsen, pro- 
duction of work-lea<l alloys .from 
silver ores, i. 475, 480 ; lea<lmg of 
silver matte, i. 489-494; cupella- 
tion of argentiferous lead at, i. 
583 

Rouen, Mal^tra's works at, i. 59 ; me- 
chanical pattinsoiiising at, i. 512 

Ruda, native gold in, i. 757 ; Laszlo 
amalgamators used at, i. 792 

Russia, cuprite in, i. 13 ; copper pyrites 
in, i. 14; chalcocite in,i. 14; Skinder 
funioces in, i. 92 ; dead-roasting of 
copper matte in heaps, i. 14 ; local- 
ities for galena, i. 282 ; native gold 
in, i. 757 ; gold-washers in, i. 762 ; 
localities for zinc blende in, ii. 
14 ; calamine in, ii. 14 ; tinstone de- 
posits in, ii. 379 ; cobalt in, ii. 


8 

^Ifold, cobalt at, ii. 599 
Saarau, clay for zino-rtsl action vessels 
from, ii. 91 ; clay for muffles from, 
ii. 131 

Sag»*^na, Sweden, nickel at, ii. 509; 
leap-roasting of nickel ores at, ii. 
517, 519; furnaces for smelting 
nickel ores at, ii. 52»i, et setf. 
Sagor, Austria, composition of speltei 
from, ii. 182 

Si. Agnes, Oornwall, bismuth ochre at, 
ii 352; tin pyrites found at, ii. 380 
St. Amlreaslieitt, Mrz, combine«i roast- 
ing and retiuoticn and itaa rtMluotion 
process of lead extraction at, i. 410 ; 
dyscrasite found at, i. 466 ; miar- 
gyrite at, i. 466 ; pyrai'gyrite at, i. 
466 ; proustitc at, i. 467 ; polybasil e 
at, 1 , 467 : production of silver-lead 
alloys in lead iMiihs, 1. 473, 474 ; pro- 
duction of work -load alloys, i. 474 
wq, ; proxies 4 of cupellation of argen- 
tiferous lead, i. 584; silver-extraction 
process at, i. 611 ; extraction of gold 
in dry way at, i. 764 ; liihar^ con- 
taining bismuth produced at, n. 364 ; 
aieenic at, ii. 475 ; extraction of 
arsenic, ii 482 ; production of white 
arsenic glass at, li. 490 ; nickel ores 
at, ii. 508 

St. Annathal, Carniola, extraction of 
mercury at, ii. 315, 317, 318 
St. Au*tell, Cornwall, nickel ores at, ii. 
508 

St. Benoit, Li^ge, extraction of nickel 
from speiss, ii. 586 

St. Blasien, nickeliferous ores in, ii. 509 ; 

smelting roosted matte, ii. 534 
St. Denis, France, electrolysis of zinc 
ores at, ii 210 ; extraction of nickel 
from roasted matte, ii. 582, 585 
St. Helens, Liverpool, advantages of 
English process ot copper smelting 
at, i. 23, 126; Macdougall furnace 
discarded at, i. 65 ; En^pish process 
of copper smelting at, i. 152 
St, Leonanl, Belgium, zinc distillation 
in retorts at, li. 104 

St. Louis, Marseilles, French process 
of lead-extraction at, i. 308 ; Rozan 
process at, i. 515, 516, 518 
St. Louis, U.S.A., electrolytical method 
of copper extraction, i. 261 ; gold 
parting by electrolysis at, i. 874 e( 
wq. ; Brown furnace for calcining 
zinc blende used at, ii. 50 
St. Louis, Obispo, California, cinnabar 
deposits at, ii. 267 ; fire-proof clay 
from, ii. 92; zinc distillation fur- 
naces at, ii. 129 

St. Marie-aux- Mines, arsenic at, ii. 475 
St. Martin, Spain, pyromorphite from, i. 
283 
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6t. Michel, Savoy, aluminium extraction 
at, ii. 664 

St. Petersburg, gold-parting by sulphur 
at the mmt of, i. 846 ; gold-parting 
by electrolysis at, i. 876 
St. Sebastian, mlena from, i. 282 
Bala, Sweden, Sulu furnaces used at, i. 

97 ; cinnabar at, ii. 267 
Salindres, aluminium works at, ii. 638 
Salt Lake city, Hanau Works near, water- 
jacket furnaces at, i. 358 ; Brilckner 
furnace for roasting lead matte at, i. 
383 

Salveua. Monte Amiata, cinnabar de- 
posits at, ii. 266 

Salzach Valley, Biachofshofen 
Salzburg, native gold in, i. 767 ; bismuth 
at,ii. 362 . 

San Antonio del Potrero Cirandc, Chili, 
bismuth at, ii. 362 . 

San Domingo, platinum in, ii. 617 
Sun Francisco, inquartutiun at, i, 861, 
852; gold refining at, i. 86l8i860 tt 

Hfq. 

Saiigerhauseii, sand ore from, i. 142; 
nickel oi'es at, ii. 508 ; smelting of 
Kupfernickel at, ii. 662 
Sun Jacinto, California, lead smelting 
at, i. 304 ; smelting tinstone at, ii. 
300 

San Onofre, Mexico, onofrite deposits 
at, ii. i^O 

Santa Barbara, California, ciiinaliar de- 
)K}Rits at, ii. 267 

Santa Cutlierina, Brazil, cinnabar at, li. 
258 

Santa Cruz, Peru, cinnabar at, ii. 258 
Santa Fe (le Bogota, cementation at, i. 
847 

Santander, zinc blende at, ii. 14 ; cala- 
mine at, ii. 14 ; liydixizincite at, ii. 
15 ; distillation vessels used at, ii. 
02 ; cinnabar at, i*. 257 
Santa Rita, native copper from, i. 13 ; 
cuprite from, i. 13 

Santo raulo, Brazil, cinnaliar at, ii. 268 
Santo Toin^, Argentine Republic, cinna- 
bar at, ii. 268 

Sardinia, galena from, i. 282 ; anglesite 
from, i. 283 ; zinc blende in, u. 14 ; 
calamine in, li. 14 ; heminiorphite in, 
ii. 14 

Sargues, nee Eguillas 
Savoy, aluminium extraction in, ii. 664 
Saxony, native silver in, i. 4M ; silver 
glance found in, i. 146 ; niiargyrite 
111 , i. 466 ; stephanite in, i. 407 ; 
tin deposits in, li. 370 ; spUrofen in, 
ii. 411 ; reOningof tin, ii. 413 ; com- 
position of pure tin from, ii. 417 ; 
bismuth deposits in, ii. 352; liqua- 
tion of bismuth in, ii. 360 ; cora- 
mition of purified bismuth from, ii. 
373; oobalt in, ii. 508; smalt works, 
pvoduction of smalt at, ii. 610 


Schemnitz, Pilz furnace at, i. 352, 354 ; 
Arents tap applied to, i. 357 ; Si- 
lierian hearth used in, i. 424 ; poly- 
basite at, i. 467 ; production of 
work-lead alloys from silver ores, i. 
474 ef sea. ; cupellation of argentifer- 
. oils lead, i. 686, 686; Detngnolle's 
amalgamation process at, i. 7^ ; ex- 
traction of gold in dry way at, i. 
763 ; Huntington mills at, i. 776 ; 
Hungarian mills at, i. 790, 701 ; 
treatment of telluride gold ores, i. 
827 ; gold refining at, i. 858 et aeq. ; 
antimony at, ii. £l6 

Schladining, arsenic at, ii. 476; nickel 
ores at, ii. 608, 610 ; stall roasting, 
ii. 659 ; production of raw nickel at, 
ii. 668 ; production of crude nickel 
at, ii. 670 ; composition of coarse 
nickel, ii. 692 

Schlaggenwald, Bohemia, tin deposits 
at, ii. 370: composition of crude 
tin fiiim, ii. 406 ; composition of slag 
from, ii. 412; composition of pure 
tin from, ii. 417 

Schleiz, (rennany, extraction of antimony 
at, ii. 460 

Schinoilnitz, copper pyrites from, i. 14; 
composition of speiss at, i. Ill ; 
Hungarian furnaces for copper refin- 
ing at, i. 176 ; toughening of coppei 
at, i. 181 ; treatment of cement 
waters at, i. 210; refining blicksilbet 
by Roessler’s process, i. 6(H) ; I'atera 
process at, i. 718 

Schnoel>erg, native silver at, i. 466 : bis- 
inuth at, ii. 352 ; treatment of ores 
from, ii. 3.'>3 ; Plattner furnace at, 
ii. 355, 356 ; nickel ores at, ii. 608 ; 
extraction of nickel from roasted 
matte, ii. 682, 685 ; cobalt at, li. 
608, 599 

Sclionberg, Bohemia, antimony at, ii. 
436 

Sulioppinitz, Silesia, Tarnowitz process 
of lead extraction, i. 303, 306 

Schwarzenberg, Saxony, bismuth at, ii. 
862 

Soopello, Piedmont, extraction of nickel 
from smelting products at, ii. 681 ; 
separation of nickel and cobalt at, ii. 
602 

Scotland, galena from, i. 282 ; bismuth 
deposits in, ii. 352 ; nickel ores in, 
ii. 608 

Senday, Japan, cinnabar at, iL 258 

Senegal, aluminium in, ii. 633 

Seusa, Algiers, antimony at, ii. 437 

Sept^mes, antimony at, ii. 43fi ; extrac- 
tion of, iL 447, 461, 464r<; refining of, 
ii. 462 ; extraction of nickel from gar- 
nierite at, ii. 656 

Seraing, Belgium, ferro-niokel made at, 
ii. 506 

Serajewo, Bosnia, antimony at, ii. 43 
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hServia, cinnaliar fouml in, ii. 2i57 ; anti- 
mony in, ii. 436 

Sherbrooke, Quebec, siilphurouB copper 
ore) from, i. 45 

Shropshire, galena from, i. 282 ; process 
of extrac4)ifm, i. 297-301 ; zinc blende 
in, ii. 14 

Siam, till in, ii. 379 

Siberia, azurite from, i. 14 ; copper 
refineries of, i. 1H3 ; native gold in, 
i* 757 ; gold amalgamation in ro- 
tating barrels, i. 7w) : stromeyerite 
found in Altai Mts., i. 466; zino 
blende in, ii, 14 ; cinnaliar de- 
posits in, ii. 258; tin deposits in, 
li. 379 ; bismuth ochre deposits in, 
ii. 352 

Siebenbiirgen, Hunt- Douglas copper 

? iroceHB, i. 204 ; native gold in, i. 
57 ; compounds of gold with tellu- 
rium, i. 758 ; stamp mill amalgama- 
tion, i. 785, 780; amalgamaiton in 
mortars, i. 789 ; Laszlo amalgamators 
used in, i. 792 

Siegen, galena from, i. 282; nickel ores 
at, li. 508 ; colialt at, ii. 599 
Siele, Monte Aniiata, calcination of 
cinnabar with iron or lime, ii. 326- 
328 

Siena, Tuscany, extraction of antimony 
at, ii. 447, 448, 431 ; refining anti- 
mony at, ii. 463, 466 
Sierra Mojaila Mountains, Mexi<-o, lead 
carlxmate from, i. 414 
Sierra Nevada, see California 
Silesia, galena fnim, i. 282 ; impurities in 
zinc from, ii. 3; zinc blende in, ii. 
13 ; calamine in, ii. 14 ; crushing 
zinc ores in, ii. 21 ; double-bedded 
furnaces for calcining zme blende 
used in, ii. 45 ; Hasenclcver-Helbig 
tonaces used in, ii. 59, 62 ; clay for 
vessels for zinc reduction from, ii. 
91, 103, 104 ; inufBes for zinc dis- 
tillation, ii. 130, 131 ; furnaces, 
ii. 146 tt «eq, ; loss of zinc in 
distillation, ii. 170; extraction of 
cadmium in zinc ores from, ii. 243 ; 
extraction of cadmium in, ii. 2M 
ft aeq. ; arsenic in, ii. 475 ; Victoria 
works in, proiluction of copper- 
nickel alloys, ii. 547 ; extraction of 
nickel in, li. 582-^ 

Skutterud, cobalt at, ii. 599 
Smaland, Sweden, nickel at, ib 608 
Smyrna, cinnabar deposits in, ii. 268 
Snailbeach, Shrewsbury, English process 
of lead extraction, i. 302 
Snarum, Norway, nickel at, ii. 609 
Sonora, Mexico, antimony at, ii. 437 
Sophienhfitte, see Frau Sophienhtttte 
Sorata, Bolivia, bismuth at, ii. 3^ 
Southam, Canada, antimony at, ii. 487 
South Crofty mine, Cornwall, arsenic 
from, ii. 480 


Spain, copper pyrites, i. 14 ; converters 
used in, i. l65 ; impurities in refined 
copper of, i. 194 ; production of 
chloride of copper in dry way, i. 22<i, 
221 ; localities for galeiiSw i. 282 ; for 
oerussite, i. 283 ; fur uuglesite, i. 
283 ; for pyromorphite, 1. jSS ; treat- 
ment of lead matte in, i. 384 ; lead 
smelting in, i. 394 ; pyrargyrite in, 
i. 466 ; preustite in, i. mJ ; gold 
amahjamation in rotating barrels in, 
i. 790; zinc blatme in, li. 14 ; local- 
ities for calamine in, ii, 14 ; hemi- 
morphite in, ii. 15 ; heap and stall 
roasting of oalaminein.rK. 22 ; burning 
calamine in sluift-furnaces in, ii. 24 ; 
distillation vessels used in, ii. 92 ; 
distillation in retorts, ii. 104 ; cinna- 
bar depoalts in, ii. 367 ; tin deposits 
in, ii. 379; antimony in, ii. 436;Dickel 
ill, II. 509 ; cobalt itt, ii. 599; plati- 
num in, ii. 617 

Spezzia, Brtloknei^B furnace used tor 
roasting lead ores at, i. 339 

Spring Vidley, California, hyilraulic 
mining at, i. 767 et aeq. 

Ktadtberge, Westphalia, elecirolytical 
method of copper extraction, i. 260 ; 
cf>pper refining at, i. 185, 1H7 ; copper 
extraction by sulphuric acid at, 
i. 200 ; by hydroohlorio acid, i. 201, 
207, 218-2&>; solution of copper 
as chloride, i. 237 ,* precipitation of 
copper from chloride, i. 242 ; refining 
of cement copper, i. 247 

Stahlberg, zinc distillation in mufUes, ii. 
104 

Stassfurt, ** Abraumsalz ” from, i. 10, 
226 

Stephanshfitte, GUillnitz, copper stall 
roasting at, i. 38, 39 ; deact roasting 
of copper matte at, i. 114 ; composi- 
tion of coarse copper from, i. 118 ; 
German process of copper smelting 
at, i. 124 ; copper refining at, i. 178, 
179 ; electrol^ioal methim of copper 
extraction, i. 260 ; mnalgamation 
of black copper at, i. 693 ; extraction 
of antimony at, ii. 460, 461 

Btiperstonea, Salop, lead extraction at, 
i. 297 801 

Stolberg, RhenaniaCo. of, muffle furnaces 
used by, i. 84 ; galena from, i. 282 ; 
French process for lead extraction, 
i. 308 ; treatment of lead matte at, 
i. 384 ; hand-pattinsonising at, i. 610 ; 
mechanical pattinsonising at, i. 512 ; 
neutralisation of sulphur adds from 
calcination of zinc blende, ii. 54; 
Hasenclever furnaces at, ii. 60, 70, 
73 ; sulphuric anhydride manu- 
factured at, ii. 75; Siemens zino 
distillation furnaces at, ii. 170 ; loss 
of zino in distillation, ii. 171 

Stourbridge, fireproof clay from, ii. 98 
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Straits Settlements, smelting tinstone 

in^ U. 899, 400 

Stratford, Vermont, circular shaft-fur- 
naoe at, i. 103 

Struthttiten, near Siegen, eleotrblytical 
method of copper extraction, i. 260 

Styria, bismuth deposits in, ii. 352 ; 
arsenic in, ii. 176 

Sudbury, Ontario, “V” metho<l of 
copper heap-roasting at, i. 34 ; nickel 
ores at, ii. 508-610 ; heap-imsting of 
nickel ores, ii. 517, 519 ; smelting 
nickel ores at, ii. 623 ef aeq. ; refin- 
ing nickel matte at, ii. 543 ; platinum 
at, ii. 616 

Sulphur l>ank, California, cinnabar 
(le|K)sits in the fumaroles of, ii. 256, 
257, 258 

Sumatra, cinnabar deposits in, ii. 258 ; 
tin in, ii. 370 

Sunderland mine, the, Livermore fur- 
naces at, ii. 305 

Sutter Crock, California, calcination of 
gold ore at, i. 808 

Swansea, advantages of English process 
of copfier smelting at, i. 23, 126 ; 
composition of sea-sand useil as 
smelter bed at, i. 131 ; smehing 
coarse metal for coarse copper, i. 
147 ; English process of copper 
smelting at, i. 152 ; converter pnicess 
in use at, i. 166 ; precipitation of 
sulphide of copper, i. 2(A) ; electro- 
lytical mcth<Ki of copijur extraction, 

i. 260 ; Ziervogel process, i. 742 ; 
impurities in zinc from, ii. 3 ; Cers- 
tciihofer furnaces used for calcin- 
ing ziiu* blende iit, ii. 41 ; zinc distilla- 
tion funiacps at, ii. 114, 115, 116; 
jiKMluction of zinc oxide at, ii. 
235 

Sweden, copper pyrites in, i. 14 ; copjioi' 
stall-roasting in, i. 42 ; Suln furnaces 
used in, i. 97 ; process of smelting 
in, i. 110; de^ roasting of copper 
matte in heaps, i. 114; rehning 
furnaces in, i. 182 ; production of 
cldoride of copper in dry way, i. 
220, 221 ; galena from, i. 282 ; local- 
ities for zinc blende in, ii. 14 ; cinna- 
bar deposits in, ii. 257 ; bismuth 
deposits in, ii. 352 ; tinstone deposits 
ill, ii. 379 

Sweden, arsenic in, ii. 476 ; nickel in, ii. 
509 ; cobalt in, ii. 598, 599 

Switzerland, Corinthian process of lead 
extraction at, i. 290 

Sydney, Miller’s process of gold-parting 
used at the mint, i. 847, 849 ; 
charges for tin smelting at, ii. 
398 

Szczakowa, Silesia, fireproof-clay from, 

ii. 93, 131 

Szlana, Hungary, mercurial fahlore at, 
ii. 2.19 


T 

Ta^I, Siberia, native gold at^ i. ?67 
Tajow'a, Neusohl, Augustin process at, 
i. 709 

Tarnowitz, treatment of lead matte at, 

i. 384 

Tasmania, copper pyrites from, i. 14; 
galena froni,i.282 ; lead smelting pro- 
cess in, i. 412 ; tin deposits in, ii. 379 
Tasno, Bolivia, bismuth at, ii. 352 
Tel)oul, Algeria, galena from, i. 282 
Tennessee, melaoonite from, i. 13 ; 
copper pyrites in, i. 14 ; calamine in, 

Teptjares, the, native gold in, i. 767 
Texas, chalcocite from, i. 14 ; cinnabar 
deposits in, ii. 258 ; nickel ores in, 

ii. 509 

Tharsis, copper pyrites from, i. 14 ; 
solution of copper as sulpliate at, 

i. 236 {a&e oIho Tharsis Sulphur and 
Copper Co. in (General Index) 

Tiflis, RPt Allaw'erdi 

Till-croft mine, Cornwall, arsenic froni. 

ii. 480 

Tobiscon, cinnabar at, ii. 257 
Tolima, Columbia, cinnabar deposits in, 
ii. 258 

Tombstone, Arizona, argentiferous ores 
from, 1 . 414 

Tomsk, (iaviilov w'orks at, production of 
work lead from sih er ores, i. 484 
Toplitzka, Hungary, antimony at, ii. 436 
Tostedt, (rennany, calcination of tin- 
stone at, ii. 386 ; smelting tinstone 
at, ii. 399 

Transbaikalia, Siberia, tin deposits at, 
ii. 379 

Transcaucasia, methods of smelting 
copper ore in, i. 24 ; copper stall- 
roasting in, i. 30 ; knimmofen used 
in, i. 96 

Transvaal, native gold in, i. 757 ; stamp 
mill amalgamation in, i. 785, 788 ; 
MacArthur-Forrest process in, i. 
828 at Htq. 

Transylvania, galena from, i. 282 
Treleighwootl, Cornwall, roasting of tin- 
stone at, ii 386 
Troitsk, native gold in, i. 757 
Trotha, aluminium extraction at, ii. 658 
Tunaberg, cobalt at, ii. 598, 599 
Tunis, {galena from, i. 282 ; cinnabar de- 
pomts in, ii. 258 

Turkestan, native gold in, i. 757 
Turkey, galena from, i. 282 
Tuscany, liornite, chalcocite from, i. 14 ; 
cinnalmr found in, ii. 257 ; antimony 
in, ii. 436, 437 

Tw'iste, Waldeck, leaching copperores at, 
i. 201 

Tyne district, England, production of 
chloride of copper in dry way, i. 220- 
222 
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Tyrol, tlif, fuhlore from, i. 15, 467 ; 
galenu from, i. 282; “dr>ing.up” 
si ver process in, i. 495 ; zinc blende 
in, ii. 14 


U 


Uetikon, Lake Zurich, preparation of 
tin chloride at, ii. 423 
United Staten, new method for saiolting 
pyritic copper ores, i. Ill; nornicd 
heap-roAHting in, i. 30 34 ; Spence 
fnmacef. uned in, i. 62; smelting oi 
basic and acid copper ores in, i. 91 ; 
shaft furnaces in use in, tor smelting 
calcined cupper ores, i. 92, lOl- 103 ; 
dead-roasting of copper matte in 
heaps and stalls, i. ]}4, 115; copper 
smelting furnaces used in, i. 132; 
pyritic copper smelting in, i. 166- 
167 ; localities for galena, i. 282 ; 
for cerussite, i. SW2 : Carintlilan 
process of lead extraction, i. 290 : 
•luiiibo furnace used in, i. 315 ; blast 
turnaces in, i. 351 -355 ; treatment of 
lead matte in, i. 383, 384 ; eombitivd 
roasting and reduction and ii*oii ic- 
duct ion process of lead extraction, 

i. 411 ; combined iron-i-e<luction pro- 
cesh with smelting oxidiswl oies, i. 
412; desilverisation of lead iii, i. 
446 - 4.'i2; native gold in, i. 757; 
sluice gold-M'ahlicr used in, i. 762 ; 
localities for zinc blende, ii. 14 ; for 
calamine, ii. 14; hemimorphite in, 

ii. 15 ; fire-pr<K)f clay fnnn, ii. 92 ; 
zinc-<lidtillation in retorts, li. 1<14 ; 
tin deposits in, ii. 379 ; localities for 
antimony in, li. 436 ; nickel coinage 
ill, ii. 506 ; colialt in, ii. 598 

Ural Mts., the, malachite fismi, i. 13; 
aninte from, i. 14 ; copper pyrites 
from, i. 14 ; chrysocolla froiii.^i. 15 ; 
Skinder funiaces used iti, i. 107, 108 ; 
smelting of oxidised aciil copper ores 
in, i. 167, 188 ; inipurities in retined 
copper from, i. 194 ; electrolytical 
metnod of coppei extraction, i. *260 ; 
native gold in, i. 757 ; nickel oi-es in, 
ii. 509 ; platinum in, li. 616, 617 

Utah, galena from, i. 282 ; coiiibineil 
iron-reiluction process and smelting 
oxidised lead ores, i. 412; lead car- 
bonate from, i. 414; Bruckner’s 
furnaoe useil for roasting lead ores 
in, i. 339; treatment of leail matte 
in, i. 385; combination process of 
silver extraction in, i. 674 ; Boss 
pixicess, i. 675 ; native gold in, i. 
757 ; Huntington mills used in, i. 
774 ; Mac Arthur - Forrest gold-ex- 
traction process at, i. 837, 841 ; 
bismuth deposits in, ii. 352 ; anti- 
mony in, ii. 4:W 


V 

Valalta, Agordo, cinnabar depoaits at, 
ii. 256 ; extraction of mercury in 
shaft fui nacres, ii. 315 317 
Val Benoit, production of orutlc nickel 
at, ii. 552 
WVintiiiite, ii. 437 

yaletiii Coc<i, Belgium, zinc distillation 
in mufHes at, ii. ^64 ; furnaces in 
use at, 11 . 147-148; Belgo-Sileaian 
furriMces at, ii. 164 

Varallo, I’iedntoiit, nickel at, ii. 569; 
stall-roasting at, ii. 518 ; nickeb 
smelting at, li. 529 ft 
Vena, cobalt at, ii. 599 
Ycnd^*e, antimony in, ii. 436 
Venezuela, nickel tomage in, ii. 506 
Venice, ciimaliur dc]M>sits near, ii. 256 
Veimont, Canaila, copper pyrites from, 
i. 14 ; cop]>er ores from, i. 45 ; 
water-jacket furnaoe used for smelt- 
ing caieined copper ores, i, 103 ; 
(lead rr tasting of copper matte in 
stalls, 1 . 115 

N'ialds, France, treatment of lead matte 
at, 1 . ;iK4 

Victoria, Auslraliii, cop^HJi- pyrite-i from, 
i 11; largest nugget from, i. 757 ; 
MacArthui -F'lrrest gold-extrac»tioii 
process, 1 . 84t» ; antimony in, ii. 4.36 
Vienna, Berndorf nickel works at, ii. 497 
Vigsiiaes, cop)>er pyrites from, i. 14 
Villeder, Brittany, tin at, ii. 379 ; smelt- 
ing of tin ore at, ii. 394, 398 
Villeveyrac, cuiniiosition of aluminium 
at, ii. 633 

Virginia city, sil\ cr-glauco formerl;y 
fouiitl 111 tlie Comstock Icslo, i. 466 ; 
Washoe process used in, i. 648 
Virginia, U.S.A., melacoiiite from, i. 13 ; 
coppei pyrites from, i. 14; tin de- 
posits in, ii. 379 ; culamine in, ii. 14 
Vorospatak, native gold in, i. 757 ; amal- 
gamation 111 mortars, i. 780 
Volterra, Lucca, Italy, cinnaliar deposits 
at, li. 257 

Vulkoy, native gold in, i. 767 ; gold 
stamp mills at, i. 785, 789 


W 


Wales, copper pyrites from, i. 14 ; in- 
dependent fore-hearths used in fur- 
naces, i. 103 : sand used as smelter- 
IhmIh in, i. 131, 132; ^lena from, 
i. 282 ; native gold in, i. 757 ; zinc 
blende in, ii. 14 {we Swansea, Elliot 
Works) 

Wallaroo, S. Australia, Hocking-Oxland 
furnace at, i. 82 ; copper matte at, 
i. 127 ; copper smelting furnaces at, 
i. 138 ; furnaces for calcination of 
coarse metal at, i. 140; smelting 
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white metal at, i. 144 ; EndiRh pro- 
oese of copper smeltinc, i. 152, 158 ; 
of copper refining, i. 182, 183 ; re- 
fining furnaces at, i. 104 ; electro- 
lytical method of copper extraction, 
i. 261 

Washoe, Nevada, native gold at, i. 757 

Weidenau, extraction of zinc by electro- 
lysis at, ii. 219 

Wenueyilale, Yorks., Scotch hearth at, 
i. 317 

West Indies, largest gold nugget from, i. 
757 


Westphalia, zinc blende in, ii. 13 ; cala- 
mine in, ii. 14 ; doulde-beddcd fur- 
naces for calcining zinc blende used 
in, ii. 45; Hasenclever-Helbig fur- 
nace used in, ii. 54 ; zinc distillation 
in, 103, 104, 146 f'/ wq , ; loss of zinc 
in distillation, ii. 170 

Westphalian works, nickel refining at 
ii. 503 

Wheal Agar mine, Cornwall, arsenic from, 
ii. 480 

Wicklow, copper pyrites from, i. 14 ; 
copper kernel-roasting in, i. 36 

Widnes, Lancashire, furnaces used for 
production of chloride of copper at, 
1. 224,223 

Wilhelmshaven, composition of refined 
antimony at the Royal Docks at, 
ii.467 

Wisconsin, galena from, i. 282 ; zinc 
blende in, ii. 14 ; hemimorphite in, 
ii. 15 

Witeni, R., native gold in, i. 757 

Wittichen, nickel ores at, ii. 508 

Wittkowitz, production of chloride of 


copper in dry way, i. 221 ; composi- 
tion of cement copper from, i. 246 ; 
electrolytical methods of copper ex- 
traction, i. 260 ; ferro-nickei made 
at, ii. 506 

Wolfach, Baden, dyscrasite foimrl at, i. 
466 

Wolfsberg, Harz, extraction of antimony 
at, ii. 437, 440 

Wolf stein, Bavaria, cinnabar deposits at, 
ii. 257 

Woodbridge, U. 8. A. , fire-proof clay from, 
ii. 92 

Wyandotte, Michigan, process of cupel - 
lation of argentiferous lead, i. 581 

Wyoming, native gold in, i. 757 


Yenisei, R., the, native gold in, i. 757 


Z 

Zacatecas, Mexico, silver-glance found 
at, i. 466 ; patio i)roce«ib of silver- 
extraction at, 1 . 6^), 646 
Zalathna, Transylvania, production of 
work-lead from silver ores, i. 481, 
482 ; leading of silver matte, i. 489, 
491 ; silver-extraction process at, i. 
602 ; extraction of gold in dry way 
at, i. 763, 764 

Zamora, Portugal, tin deposits in, ii. 379 
Zinnwald, Saxony, bismuth at, ii. 352; 

tin at, ii. 379 
Zurich, Hit Uetikon 
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A 

Aaron, on patera prooese, i. 72 J m 
A>)daiTprozess, i. 495 
‘ * Abranmsalz,” action on <*upmii8 nul- 
phide, i. 10 ; detinition, 1 . 10 » : nsed 
in production of copper chloritle, i. 
220-226 : for removal of zinc from 
lead, i. 436 

Abstrich, from smelting of work-lead, 
treatment of, i. 426-430 
Abzug, see Scum 

Adapters, in zinc distillation, manufac- 
ture of. ii. 110, 111, ia3-143; pro- 
posals for, ii. 192 ef seq . ; Lynen’s, 
li. 193, 194 

Adrien, proposal for improvement in zinc 
extraction, ii. 185 n 
Affricola, on cementation, i. 846 
Aikinite, see Needle-ore 
Air-reduction process, for extraction of 
lead, i. 284, 286-319 
in reverberatory furnaces, various pro- 
cesses, i. 288-290; Carinthian pro- 
cess, i. 290-296 ; the English, i. 296- 
303 ; the Tamowitz, i. 803-306 ; the 
Bleiberg, i. 306-308 ; the French or 
Brittany, i. 308-310 
in hearths, i. 310-319; smelting of 
residues from, i. 419, 420 
Alberti, his reverberatory furnaces for 
calcination of cinnabar, ii. 309-311 
Albertus Magnus, on cementation, i. 

846 ; on inquartation, i. 851 
Alkalies, action on cupric sulphate, i. 
12 ; cuprous chlonde, i. 12 ; on 
cupric chloride, i. 13 
Allen, method of nickel extraction, ii. 
577 

Allen copper furnace, the, set O Harra 
Altenberg Co., the, reverberatory ror- 
naoes for burning calamine, used by, 
ii. 26. 27 ^ , 

Aludels, in Bustamente furnaces for cal- 
cining cinnabar, ii. 268 


Alum, sources of, li. 634 
Alum-eai’tli, ii. 6M ; -shale, i&.; -stone, ifj. 
Alumina, etfoct in smelting calcined cop- 
per ores, i. 90; action with zinc* 
oxide, ii. 8 , reduction of silicates 
of, in zinc distillation, ii. 87 ; sources 
of, ii. 629 ; electrolytic exttBction of 
aluminium from, ii. 650 
Aluminite, ii. 634 

Aluminium, physical properties, ii. 626 ; 
chemical properties of compounds, 
ii. 628 ; alloys of aluminium, ii. 
631 ; material for extraction of, ii. 
633 

extraction in dry way, ii. 637-645 ; 
Deville process, ii. 637-640 ; Deville 
and Castner process, ii. 640-642; 
Netto process, ii. 642, 643 ; Gra^u 
process, ii. 643-645 

extraction by electrolysis, ii. 645-664 ; 
from solutions of alumina, ii. 650- 
656 ; from aluminium fluoride, ii. 
657-659; from aluminium sulphide, 
ii. 659-660 

preparation of alloys, ii. 660 ; Cowles* 
process, ii. 660-664 ; H^roult pro- 
cess, ii. 054 

Aluminium oxide, see alumina ; chloriile, 
ii. 630 ; carbide, ii. 631 
Aluminium - Industrie • Action • Gesell- 
Bohalt, the, of Neuhausen, aluminium 
extraction by, ii. 659, 664 
Alunite, see Alum-stone 
Alunogen, see Hair-salt 
Amador reduction works, the, California, 
calcination of gold ore at, i. 809 ; 
chlorination of gold ores at, i. 812 
Amalgam, localities for, i. 400 ; ii. 256 ; 
formation of, ii. 254 

Amalgamation process, of silver extrao^ 
tion, i. 611 et seq.; in patio process, 
i. 631-642 

with reagents preceded W a ohlorid- 
ising roasting, i. 677-702 ; drying 
and crushing ores, i. 677-681 ; ehlori- 

Y Y 
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(Using roasting, i. 082-688 ; barrel 
amalgamation, i. 688-696; pan 
amalgamation, i. 696-700 ; Tina 
amaloamation, i. 700-702; with a 
soluble salt of inercurv, i. 702, 703 
Of fmld-bcaring material — 

Without previous crushing, i. 766- 

i2) Of artificially crushed gold-bearing 
material, i. 771, 772; partly during 
and partly after crushing, i. 772-789 ; 
Arrastra amalgamation, i. 772, 773 ; 
amalgamation in mills, i. 773-777 ; 
stamp-mill amalgamation, i. 777-789 
(3) After previous crushing, 789-802; 
amalgamation in mortars, i. 789, 
790 ; in rotating barrels, i. 790 ; in 
Hungarian mills, i. 790-795 ; in 
pans, i. 796-797 ; with amalgamated 
plates, i. 797-798 ; in amalgamators, 
1. 798-802 ; by Designolle’s process, 
i. 802 ; treatment of gold amalgam, 
i. 802 «eq. 

Amalgamators, "gold amalgamation in, 
i. 798-802 ; Atwood's amalgamator, 
i. 799, 800 ; Paul's amalgamator, i. 

801 ; Crosby’s amalgamator, i. 801, 

802 

American hearth — 

air-cooled, in air-reduction process for 
lead-extraction, i. 311, 313, 314*, 317 
water-cooled, in reduction process for 
lead extraction, i. 311, 314, 315*, 
317, 318 

rectangular furnaces, for lead smelt- 
ing, i. 362-366, 373 376*, 377* ; for 
smelting lead carbonate, i. 413-416*, 
417*, 418* ; for cupellation of ai- 
gentiferous load, i. 688* 

American Mine, California, calcination of 
noinal)ar with iron or lime, ii. 324 
Ames, on large American copper calcinera, 
i. 71. 

Ammonia, action on cuprous oxide, i. 8 ; 

action on cupric oxide, i. 9 
Aminonic carbonate, used for lixiviation 
of copper, i. 204 ; extraction of zinc 
oxides by, i. 553 ; extraction of zinc 
by, ii. 197 

Anaconda works, Anaconda (in geo- 
graphical index) 

Aiidr4, on extraction of nickel by electro- 
lysis, ii. 589 

Anglesite, see Lead sulphate 
Anglo-German process of copper extrac- 
tion, i. 23 

Annabergite, ii. 508 
Anti-friction metal, see White metal 
Antimonial nickel, ii. 437 
Antimonial silver, ii. 437 (eee Dyscrarite) 
Antimoniate of bismuth, lead and copper, 
action cm copper, i. 5, 6 ; of copper 
and nickel, see Copper mica ; reduc- 
tion of, in smelting calcined copper 
ores, i. 87 


Antimonic anhydride, see aiitimoii3r pent- 
oxide; antimoniate, see Antimony 
tetioxide; chloride, see Antimony 
pent^hloride 

Antimonious chloride, see Antimony tri- 
chloride ; oxide, see Antimony tri- 
oxide 

Antiinonite, see Antimony glance 

Antimony, action on copper, i. 3, 4, 6 ; 
action of cuprous sulphide, i. 11 ; re- 
moval of from copper ores, i. 23-26, 
29; reduction of in smelting of 
calcined copper ores, i. 87 ; tfead- 
roosting of copper matte containing, 
i. 114; in copper refining, i. 173, 
174, 178 ; precipitation of copper by, 
i. 206 ; action in electrolysis of copper 
slimes, i. 262 ; effect on lead, i. 275 ; 
in the roasting and reduction pro- 
cess, i. 321 ; in the smelting pro- 
cess, i. 343 ; reduction of in iron 
reduction process of leail extraction, 

i. 395; in lead ores from Upper 
Harz, i. 429 : elimination of in re- 
fining of lead, i. 432 ef seg. ; com- 
pounds of silver with, i. 462, 463; 
effect on gold, i. 763; parting by 
sulphide of, i. 843, 844 ; action with 
zinc sulphide, ii. 10 ; reduction of in 
zinc distillation, ii. 87 ; alloys of 
bismuth and, ii ,352, 369 ; extracted 
from crade bismuth, ii. 371 ; effect 
on tin, ii. 375 ; separation from tin, 

ii. 382, 383 

physical properties, ii. 430 ; chemical 
properties of antimony and its com- 
pounds, ii. 431-436; ores, ii. 436- 
437 

extraction of in dry way, ii. 438-467 ; 
treatment of antimony glance for 
crude antimony, ii. 438, 439 ; liqua- 
tion in closed furnaces, ii. 439-4^ ; 
liquation in reverberatory furnaces, 
ii, 443-445 ; treatment of antimony 
glancw for metallic antimony, ii. 446 ; 
roasting and reduction process, ii. 
445 -456 ; precipitation method of 
reduction, ii. 456-460; extraction 
from metallurgical bye-products, ii. 
461 ; refining of antimony, ii. 
461 

proposals for extraction in wet way, 
ii. 467, 468 

proposed electrol^ic methods of ex- 
traction, ii. 468-470 ; extraction 
from nickelifercniB ores, ii. 515 

Antimony anhydride, ii. 432 ; blende, ii. 
487 ; bloom, see oxide ; glance, ii. 
436 ; ochre, ii. 437 : oxi(S, ii. 437 ; 
pentaohloride, ii. 433 ;penta8ulphide, 
li. 434, 486 ; pentoxiife, ii. 483 ; red 
ore, ii. 437 ; tetroxide, ii. 482 ; tri- 
chloride, ii. 433 ; trioxide, ii. 4^ ; 
tiisiUphide, ii. 434, 436; white, see 
Ochre 
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Anglo-German prooeea of oopper smelt- 
ing, examples of, i. 153-158 
Aqua-regia, a solvent for copper, i. 7 ; 
action on mercury, ii. 252; action 
on mercuric sulphide, ii. 263 ; action 
on bismuth, ii. 348 ; action on tin, 
ii. 376 ; action on antimony, ii. 431 ; 
action on arsenic, iL 472 ; action on 
nickel, ii. 499; action on platinum, 
ii. 615 

Arago, on specific graWty of mercury, 
li. 250 

Araud, method of nickel extraction, ii. 

577 

d’Arcet^on grting of gold by sulphuric 

Arcnts, his automatic tap in lead smelt- 
ing furnaces, i. 856, 857*, 358 
Argentan, ii. 506 

Argentiferous products from smelting, i. 
468 

Argentine Works, the, KaBsasCity, smelt- 
ing lead carbonate at, t. 415 
Argentite, reduction of, in oalcinstkm of 
zinc blende, ii. 36, (see Rilver glance) 
Arizona Copper Co., the, treatment of 
oxidised ores in works of, i. 168, 169 
Arme Erzgrob, U. 337 
Armer Erzgries, ii. 337 
An*a8tra amalgamation of gold, i. 772- 
773 ; for pulverising silver ores, i. 
627, 628*, 629*, 630* 

Araeniate, of bismuth, lead, and copper, 
action on copper, i. 5, 6 ; reduction 
of in smelting of calcined copper 
ores, i. 87 

Ansenic, on oopper, i. 4 ; removal of, 
from oopper ores, i. 23-26, 29 ; re- 
duction of, in smelting of calcined 
copper ores, i< 87 ; desd-roarting of 
copper matte containing, i. 114; 
in oopper refining, i. 173, 174, 178 ; 
precipitation of copper by, i. 206 ; 
removal of, from cement oopper, 
1 . 247 ; action in electrolysis of 
oopper slimes, i. 262 ; effect on lead 
in roasting and reduction process, 
i. 321 ; in smelting process, i. 342 ; 
in the lead ores of Freiberg, i. 
386-389 ; elimination of, in refin- 
ing of lead, i. 432; compounds of 
siWer with, i. 462, 463 ; present in 
commercial zinc, ii. 4 ; action with 
zinc, ii. 6 ; reduction of, in zinc 
distillation, ii. 87; contained in 
crude bismuth, ii. 369 ; extraotion 
from bismuth, ii. 870, 371 ; effect <m 
tin, ii. 376 ; compounds of tin, ii. 
378 ; separation zroin tin, ii. 882, 
383, 384 ; contained in hardhead, ii. 
418 

phjTsioal properties, ii. 471 ; ^mical 
propernes of arsenic and its com- 
pounds, ii. 472 ; alloys, ii._ 476 ; 
oompounds of, ii. 476 ; ores, ii. 476 ; 


extraotion of, by drv mtthod, ii. 
477-479; by electromio method, 
ii. 479, 480 ; manufacture of crude 
arsentouB oxide, ii. 480-487; refin- 
ing of crude arsenious oxide, ii. 4^ : 
pmuction of white Arsenic glass, 
li. 488-491 ; production oT ted 
arsenic glass, or realgar, ii. 491 ; 
production of **rohgbw,*' ii. 492; 
refining of ** roh^as,^. ; pro- 
duction of orpimeat, ii. 493-404 ; 
extraotion of arsenical pivsluots 
from residues fram the manufaetute 
of ooal-tar colours, U, 495 
effect on nickel, ii. 4ffl ; compounds of 
liokel and, ii. 508-505; extraotion 
from niekelifei*ous ores, ii. 5l6 ; ex- 
traction of nii^kel from arsenical 
ores, ii. |8i0- 570 (sea undtr Nickel) 
Arsenic acid, ii. 473, 474 ; anhydride, 
HU oxide ; bloom, ii. 476 ; ohloride, 
ii. 475 ; flaky, nee native ; hydride, 
ii. 474, 475 ; native, ii. 475, 481 ; 
oxide, ii. 478 ; pyrites, net Mis- 
piokel 

Arsenical nickel, nee Kupfemiokel 
Arsenides, reduction of in calcinati<»n of 
zinc blende, ii. 36 

Arsenious oxide, ii. 472 ; manufaoture 
of, ii. 480-488 ; refining of, ii. 488 
Arsenite, ii. 476 
Arsenmehl manufacture, i. 387 
Araenolite, ii. 476 
Arsenopyrite, see Mispickel 
Arsenrubin, see Realgar 
Asbolan, ii. 599, 603 
Ashcroft, on electrolysis of zinc, ii. 202, 
203 ; his prooess, ii. 219 et aeq, 
Asturias Uo., the, Santander, zinc distil- 
lation-vessels used by, ii. 92 
Atacamite, localities, Ac., i. 15 
Atlanta Mill, Idaho, pan-amalgamation 
at, i. 697 

Atwood amalgamators, i. 799-800 
Aubel, on spitting of platinum, ii. 614 
Augustin process, i. 708-718 
Auric oxide, i. 753 ; chloride, i. 754 
Auripigment. we Orpinient 
Aurora works, the, at Gladenbaoh, 
smelting roasted nickel matte at, 
ii. 535; refining matte at, ii. 540 
ei wq, ; produotmn of ooppw-niokel 
alloys, ii. 545 et aeq. 

Aurous oxide, i. 753 ; ohloride, i. 754 
Austro-Belgiaa Go., Corphalie, furnaces 
for oaloining zino blende, ii. 47 
Azurite, its loduities, Ac., i. 13 


B 

Badoureau, on nickel sulphide, -ii. 508 n ; 
on nickel-oobalt alloys, ii. 504; on 
nickel smelting at fiagmyma, ii. 
588; on roasting coarse matte, ii 

Y ▼ 2 
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582 H ; on imelting roasted matte, ii. 
586 n; on roosting niokeliferous ar- 
< senioal ores, ii. 550n 
Sigrotion, on solubility of gold in potas- 
sium cyanide, i. 8^ 

Baker’s blower, i. 93, 168 ; used in 
American lead furnaces, i. 862 
Balbaoh Works, New Jersey, desilverising 
bv zinc method, i. sii ; distillation 
of zinc scums, i. 640; cupellation 
process at, i. 592 
Ball, his amalgamator, i. 801 
Balling, on mercury extraction at Littai, 
ii. 826; on tin-8iiieltin|[ at Graupen, 
ii. 409; on smelting nickel ores at 
KragerC, 525 n et atq. ; on roasting 
coarse matte, ii. 532 n ; on smelting 
roasted matte, ii. 535 1 / ; on refining 
matte, ii. 541 n; on production of 
copper-nickel alloys, -ii. 545 n 
Baric sulphide, action of, on cuprous 
sulphide, i. 9 
BariUa, ii. 378 

Barium, reduction of, in smelting of 
calcined copper ores, i. 88 
Barker’s method of electrometallurgical 
gold-extraction, i. 841 
Barrel-amalgamation, i. 688 — 696 
Barrel work, lumps of Lake copper, i. 
194 

Barba, Alonzo, on the Tintin process, 

i. 614 ; on the Gazo process, i. 618 
Barba, Lopez Saavedra, inventor of Biis- 

tam*%nte furnace, ii. 268 
Bartlett’s process, forair-reductionof lea<l 
in hearths, i. 311, 318, 321 ; for 
extraction of zinc from lead ores, 

ii. 236 ff seq. 

Bartlett, C., on removal of copper from 
nickel matte, ii. 550 

Barytes, reduction of, in smelting of 
calcined copper ores, i. 88 ; in cal- 
cination of zinc blende, ii. 36 ; in 
zinc distillation, ii. 87 
Basse and Selve, on extraction of nickel 
by electrolysis, ii, 591 ; composition 
of nickel smelted by, ii. 594 
Bauschinger, on strengtn of cold pressed 
and hammered aluminium, ii. 626 
Bauxite, ii. ^3 

Bear ” in copper-smelting, meaning of, 
i. 22 ; formation of, i. 89 ; com- 
position of, i. Ill, 112; to pre- 
vent formation of, i. 117 ; forma- 
tion of in lead smelting, i. 856, 362 ; 
formation of in tin extraction, ii. 
380, 381 

Bearing-metal, 9ee White-metal 
Beatson, on extraction of tin by electro- 
lysis, ii. 4^, ^ 

Becchi, on production of chloride of 
copper in dry way, i. 220 
Beck, L., on reactions of lead silicate, 
i. 280 

Becquerel, on melting point of silver. 


i. 456; on melting point of gold, 

i. 752; on electric conductivity of 
zinc, ii 2 ; on the volatility of zinc, 

ii. 2; on the boiling point of cad- 
mium, ii. 241 ; on dectric conduc- 
tivity of tin, ii. 375 

Bede mital works, precipitation of sul- 
phide of copper at, i. 209 ; process 
of production of copper chloride, 

i. 2^; furnaces used by, i. 223*, 
224*, 230, 231*, 232* ; precipitation 
of copper from chloride, i. 243*, 
244*, Sts 

Beketoff, his method of aluminium ex- 
traction, ii. 645 

Belgian method of zinc distillation, li. 

106 — 130. {See under Zinc) 

Belgian furnaces, for zinc distillation, ii. 
94,95*, 111 et eeq. : Lidge furnaces, 

ii. 112 — 114*; Single furnaces, ii. 
114* ; Double furnaces, ii. 118* ; (las- 
firod, ii. 119 — 124* ; nozzles for, ii. 
139 et eeq.\ for treatment of zinc 
fumes, ii. 176 ; treatment of cadmium 
in, ii. 245, 246 

Belgo-Gomwall furnace, for zinc distilla- 
tion, ii. 116, 117 

Belgo-Silesian furnaces, for zinc distilla- 
tion, ii. 94, 96*, 105 ; nozzles for, ii. 
139 et aeq. ; for zinc-distillation in 
muffles, ii. 143, 145 et aeq , ; fired by 
grates, ii. 164, 165 ; fired by gas, ii. 
165— '168 ; cost of distillation in, li. 
178 

Ihillingrodt, tm calcination of Swedisli 
blende at Oberhausen, ii. 342 
Bell-metal, see Tin pyrites 
Berdan pans, used in gold amalgamation 
in Australia, i. 

Berdell and Witherell’s works, Leadvillc, 
smelting of lead-carbonate at, i. 414 
Bergen Port Zinc Co., the, extraction of 
zinc white by, ii. 226 
Beringuccio, on cementation, i. 846 
Bemaul, Altai M^, Augustin process at, 
i. 712 

Bembart, on reactions of silver chloride, 
i. 461, 462 

Bertha works, at Pulaski, zinc-distilla- 
tion furnaces used at, ii. 129 ; com- 
position of Bjpelter from, ii. 183 
Berthier, on action of carbon and hydro- 
gen on cuprous s^hide, i. 11 ; on 
composition of Kupferschiefer, i. 
154; on the tenacity of zinc, ii. 1 ; 
on the chemical reactions of zinc 
oxide, ii. fi-S ; of zinc sulphide, ii. 
9—11 ; of sulphide of mercury, li. 
253 ; on composition of tinstone 
slag at PouUaouen, ii. 397, 398 ; on 
composition of tin slags from Alien - 
l*erg, ii. 407 ; on tin-^n alloys, ii. 
407, 408 ; on composition of tin slag 
from Altenwald, u. 414 ; on compo- 
sition of liquation dross at Alien- 
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wald, ii. 414; on the prehipitation 
method of antimony reduotion, ii. 
457 

llerthierite, ii. 437 

llertrand Mill, Nevada, patera process 
at, i. 719 

lleraeliuB Co., the, Gladbach, Belgo- 
Silesian famaoea at, ii. 167; on 
compcwtion of hard-head at Alten- 
berg, ii. 408 ; on extracting tin from 
lead ores, ii. 419 

Bessemen^nverters, i 159, 160 ; for re- 
fining coarse nickel matte, 580, 
643 

Bessemer process of copper extraction, 
see Converter process 
Best-selecting process in English copper 
smelting, i. 126 

Bethlehem Iron Co., the, in Chicago, 
armour plates manulactured hy. iL 
506 

Bettol, oil the MacArthur-IVMnicst gald 
extraction process, i. 882 n 
Bidou, on extraction of antimony, ii 446, 
448 n, 453 n 

Bieberite, nee Cobalt vitriol 
Biewend’s furnace for deoompoHition of 
zinc blende by iron, ii. 191 
Bilharz tables, used with Hungarian 
amalgamators, i. 795 
Binon and Grandfils, their furnace fot 
zinc distillation, ii. 101 ; their charge 
for distillation, ii. 126 
Binsfeldhummerhiitte, the, Stolberg, 
French process for lead extraction, i. 
308 ; hand-pattinsonising at, i. 510 ; 
distillation of zinc scums, i. 543 
Biot, on specific gravity of mercury, ii. 
230 

Birungucoio, on Patio process, i. 626, 
6^8 

Bischof, on clay for vessels for zinc dis- 
tillation, ii. 91 ; his process of nickel 
refining, ii. 592 

Bi-silicates, formation of, in smelting 
calcined copper ores, i. 89 
Bismuth, action on copper, i. 3, 5; action in 
electrolysis of oopper slimes, i. 262 ; 
efiect on lead, i. ^6 ; elimination of 
in refining lead, i. 431 et etq. ; effect 
on gold, i. 753 

physical properties, ii. 347-348 ; 
cliemical properties of, and of 
compounds, ii. 348-352; alloys, ii. 
361-352 ; ores, ii. 352 ; furnace pro- 
ducts, ii. 353 

extraction of, in the dry way, ii. 353- 
361 : from ores contaiiung native 
metal, ii. 354 ; by liquation, ii. 356- 
356 ; by fusion, iL 357-358 ; «trao- 
tion fr^ bismuth glance, it 368- 
369 ; from ores oontoining it as oxide, 
ii. 359-60 ; extraction from metal- 
lurgioal products, ii. 360-361 ; from 
mattes, ii. 360 ; from alloys, ii. 361 


Bismuth, extraction of, in wet way, ii. 
361-365 ; from ores, it 862 ; nom 
furnace products, ii, 862-865 
extraction of, from Iead4tt4muth 


alloys by electrolysis, it 865-868 
refining cl bismuth, 8iM78; purity 
of bismuth from Various eouutries, 
ii. 869 ; purification in dry w^y, ii. 
369-872 ; puiification in wet way, ii. 
372-878 ; compositioM of eammeNial 
bismuth, ii. 378 ; cli^t on tin, ii. 
875; separation from tin, ii. 882- 
888, 890) effrct on aluminium, it 
627*632 

Bismuth glance, localitiM for, ii. 888 
extraotion of bismuth from, ii 858- 
359 ; ochre, looalitias for, it 862 
tetrozidib obemioal properties of, ii. 
848-M I seleno-tsHuHoe of, U. 852 
sulpho-tiilluride ii. 852 

Bismuthic anhydride, ohemioal properties 
of, ii. 848-840; chloride, ohemioal 
properties of, ii. 8M-350; cobaltio 
pyrites, ii. 352 ; nickel pyrites, ii. 
862 ; nitrate, oh^oal properties of, 
ii. 850; pi^uotion of, ii. 372; 
oxide, oheinical properties of, ii. 
348 .349 ; silicate, li. 362 ; sulphate, 
chemical properties of, 850 ; sulph- 
ide, ohemioal properties of, ii. 350- 
351 


Bismuthine, see Bismuth ^noe. 
Bismuthous chloride, ^emioal pro- 
perties of, ii. 340-350 ; oxide, chem- 
ical properties of, ii. 348-349 ; sulph- 
ide, chemical properties of, ii. 350 
Bitumen, removal of, from oopper ores by 
heap roasting, i. 88 ; from Kupfer- 
Bohiefer, i. IM 

Blair, on composition of refined antimony 
from California, ii. 467 
Blake, on tests for cupellation process 
of argentiferous lead, i. 590 u 
Blake’s stone crushers, i. 649, 775-776, 
787 n 

Bias and Miest, on electrolysis of zino, 
ii. 216 


Blast for shaft furnaces, apparatus for 
production of, L 93 

Blast furnace oraper smelting, i, 18-19, 
22-24, 24-1^ ; various operations in, 
i. 24 ; for lead smelting, i. 351-388 ; 
construction of, i. 355-362; older 
forms of, i, 362-367 ; recent furnaces, 
i. 368-877; smelting procew, 377- 
381 ; pr^uots obtained from, 381- 
383 ; for smelting lead carbonate, i. 
413-416 ; for smiting residues from 
air-reduction process of lead extrac- 
tion, i. 419 ; tor production of oon- 
oentrated nickel matte, ii. 633, et 


Bln^e, 1.870 

Blnberg prooM. of kid wctnotion, 1. 
SOMOS ; -fnraaoo, i. 80 810 
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BleigUtte, see Litharge 
Blditein, i. 166-157 

Blekerpde, hie analysis of Borneo crude 
platmum, 617 

Blioksilber, formation of, i. 666, et seq. ; re- 
fini^ of, 696-601 ; treatment for gold 
at Oker, i. 844; of Gommem and 
Mechemioh, platinum in, ii. 618 
Blister copper, rodning of, i. 16; pro- 
duction of, i. 17, 117, 143-146 ; com- 
position of, i. 118, 146; bottoms 
smelted for, i. 151 

Blowers. (/See under Root’s ; Baker’s) 
Blowing engines, used exceptionally, i. 
93 

Blue Billy, i. 240 

Blue metal, i. 120 ; composition of, 140 ; 
calcination of, i. 160, (see Spurstein 
white metal) 

Bluestone, solution of, is electrolyte, i. 
260, 661 

Blumenau, on Laszlo amalgamators, i. 
703 n 

Bo8tius gas producer, used with Ferraris 
furnaces, ii. 28-i^; with Hasen- 
clever-Helbig furnaces, ii. 61 ; with 
Lorena’s furnace, ii. 152-164 
Bohemian roasting stalls, for arsenical 
ores, ii. 560 

Hcttger, on extraction of nickel by elec- 
trolysis, ii. 680 

Boilinj^, in copper refining, i. 188-180 
BoUo, in patio process, i. 646 
Bolley, on specific i^avity of zinc, ii. 1 ; 
on melting point of zinc, ii. 6 ; 
method of extraction of arsenic from 
residues of coal tar colours, ii. 
406 

Booth, on composition of refined anti- 
mony from California, ii. 467 
Borchera, improvements in eleotrolytical 
methods of copper extraction, i. 268 ; 
c»n electrolysis of zinc, ii. 204, 206 et 
seq. ; in dry way, ii. 223-224 et seq. ; on 
electrolytic extraction of cadmium, 
ii. 248 ; on electrolytic extraction of 
bismuth from lead-bismuth alloys, ii. 
365 et seq.’, on purification of bis- 
muth from arsenic, ii. 371 ; from 
lead, ii. 371 ; on extraction of tin by 
electrolysis, ii, 426-426 ; his electro- 
lytic method of antimony extraction, 
ii. 468-469 ; on extraction of nickel 
by electrolysis, ii. 688 ; on effect of 
carbon on aluminium, ii. 627 n ; 
on aluminium carbide, ii. 631 ; on 
the electrolytic extraction of alumin- 
ium, ii. 636, 660, 664 
Borgnet, on the Cornwall zinc-distillation 
furnace, ii. 114 n, 116 
Bom, on the barrel amalgamation pro- 
cess, i. 680 

Bomite, its localities, etc., i. 14 ; extrac- 
tion of copper, i. 17 ; objects in 
roasting, i. 26 


Boss process of silver extraotiim, i. 674- 
676 

Boston and Colorado Smelting Co., at 
Black Hawk, Augustin process used 
by, i. 714; Ziervogel process used 
by, i. 742, 746 

“Bottcws,” removal of impurities in 
copper with, i. 22, 126, 143; com- 
position of, in smelting coarse metal, 

1 . 148; treatment of, i. 161, 162; 
treatment electrolytically, at Wal- 
laroo, i. 153 

Boudehen, on mechanical pattinsonising, 

i. 612 

Bouhy, on Carinthian pi'ocess of lead ex- 
traction at Kngis, i. 294 n 
Boulangerite, i. 283 ; ii. 437 
Boullay, on specific gravity of artificial 
cinnabar, ii. 263 

Boumonite, localities, etc., i. 16, 283 ; ii. 
437 

Boussingault, on patio process, i. 637 ; 
on cementation, i. 846 n, 847 n; on 
separation of carbon from nickel, ii. 
498 

Bowie, A. J., on hydraulic mining, i. 
766 

Bowring, on patio process, i. 637 
Brackelsberg’s reverberatory furnace for 
zinc extraction, ii. 191, 192 
Brauning, on production of chloride of 
craper in dry way, i. 221, 2259/, 
n ; method of extraction of copper 
from its alloys, i. 260 
Brame, on volatilisation of mercury, ii. 
263 

Brand, on electrolytic extraction of cad- 
mium, ii. 248 ; on electrolytic extrac- 
tion of mercury, ii. 343; on tin 
refining by electrolysis, ii. 428 ; on 
extraction of nickel by electrolysis, 

ii. 688 ; on electrolytic extraction of 
aluminium, ii. 665 

Brass, refined copper used in manufacture 
of, i. 179, 191 ; effect of aluminium 
on, ii. 632 

Bredbwg, on charcoal furnaces for smelt- 
ing calcined copper ores, i. 91 ; on 
Smu furnaces, i. ^ ; on the reactions 
of lead sulphide, i. 278 
Breithauptite, li. 608 
Bridgman, on electrolysis of zinc-silver 
alloys, ii. 

Brillenofen, i. 94, 117, 119, 120, 125; 
used for smelting nickel matte, ii. 
633 

Brissou, on specific gravity of zinc, ii. 1 
Britannia-metal, an antimony-tin alloy, 
ii. 436 

Brittany process of lead extraction, nee 
Frencn process 

Broadhead, on the Carinthian process of 
lead extraction in Missouri, i. 296 n ; 
on the water-cooled American hearth 
for lead extraction, i. 3149/ 
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Broken Hill Proprietary Co., the, 
N.S.W., smelting lead carbonate at, 
i. 415 ; refining of lead ores from, i. 
450, 451*, 45^ ; ainc desilverising 
process, i. 533; lirmation of sine 
scums, i. 536*, ^7 ; ^ss process of 
silver extraction used by, i. 676* 
Bromine, extraction of gold by means of, 
i. 827 ; action with mercuric sul- 
phide, ii. 253; action on bismuth, 
li. 348 

Bromite, localities of, i. 467 
Broomann, proposal for improvement in 
zinc extracting, ii. 185 
Blown Horsc'shoe copper furnace, i 76*, 
77*, 78 ; for burning calamine, ii. 29 ; 
for cadoining zinc blende, ii. SO 
Brown- Allen copper fitmaoe, see 0*Rarra 
BrUckner furnace, for cofiper, i. 80, 81* ; 
for calcination of c<mer matte, i. 
116, 127, 120, 138 ; for roeating lead 
ores, i. 339 ; for roasting lead matte, 
i. 383 ; for chloridisiag meeting sil- 
ver ores, i. 683, 684 ; used in iSalio, 

i. 687 ; for burning calamine, ii. 80 
Brunner, on manufacture of artificial cin- 
nabar, ii. 344 

Bninton’s furnace, for burning calamiue, 

ii. 20, 51 ; for calcining tinstone, ii. 
386, 387*, 388 ; rota^ calciner, for 
extraction of arsenic, ii. 482, 483, 487 

Bucherer, on electroWtic extraction of 
aluminium, ii. 659 

Buchner, on composition of orpiinent, ii. 
484 

Buff-Dunlop process of leaching, i. 208 
BugdolFs nozzle, ii. 140* 

Bunker Hill Mine, California, chlorina- 
tion of gold ore at, i. 817 
Bunsen, on specific heat of silver, i. 456 ; 
his electrolytical metliod of alu- 
minium extraction, ii. 645 
Bunter Ranstein, the, of Twiste Waldeck 
i. 201 ; lead in, i. 300 
Hurghardt, on electrolysis of alkaline 
solutions for zinc, ii. 218 ; on extrac- 
tion of tin by electrolysis, ii. 425 
Biistamente furnaces, for extraction of 
mercury, ii. 268, 260-273 
Butte and Boston Works, the, O’Harra 
furnace at, i. 74 

Butte and Montana Works, the, O’Harra 
furnace at, i. 74 ; copjier smelting 
reverberatory furnaces at, i. 138 
Butters and Clennell, on the MacArthur- 
Forrest gold-extraction process, i. 
828 n, 831 et «eq. 


C 

Cadmium, present in commercial zinc, ii. 
3 ; present in zinc blende, ii. 13 ; 
present in calamine, ii. 14 ; reduc- 
tion of, in zinc distillation, ii. 88 


Cadmium, physical properties, ii. 241 ; 
chemical properties of. and of its 
compounds (oMmium sulphide, etc. ), 
ii. &1-242 ; souroas of, li. 24B- ^ ; 
uses of, ii. 243 

extraction of, ii. 243-246 ; in the dry 
way, ii. 243- 246 ; in the wet way, 
ii. ^1^248 ; by electrolysis, ii. 248 
240; alloys of msmuth and, ii. 351 
Oagnianielle, mowing maehins, i 08 
Caulot's Mine, California, chlorination of 
gold ore, i. 812 

Cajetes, in patio process, I 681 
Cal^ne, localities of, ii. 14 
bufning or calcining of, il 21-38 ; in 
iksit fumaoes, ii. 22-23; in grate- 
fired shaft fumaeest ii. 28-25; in 
fixed reverberatory fumaoes (1) 
worked by hand, ii. 26-29, (2) 
worked mechanically, ii. 20 ; in re- 
verberator fumaoea with movable 
hearths, ii. 20 ; with movable oham- 
bars, ii. 80; revei4ieratory fumaoes 
heated by waste heat of reduction 
fnmaoes, ii. 81-32; zino white pro- 
duced from, ii. 226 

Calamine, furnace-, formation of, i. 80, 
820; ii. 15; treatment of, li. 174 et 
Mtq. 

elec^c, see Heminiorphite 
Calcic sulphide, action of, on cuprous 
sulphide, i. 9 

Caloite, reduction of in calcination of 
zinc blende, ii. 36 ; in zinc distilla- 
tion, ii. 87 

(kldron process, see Cyozn process 
California stamp mill, i. 680*, 681*; 

gold-amalflamation mill, ii. 704 
California MiU, Virginia City, Washoe 
process of silver extraction, i. 648 
et Heq. 

Canadian Copper Company, method of 
heap-roasting at ondbury, i. 34* ; 
nickel smelting by, ii. S&, 520 ; re- 
fining nickel matte by, ii. 543 ; ex- 
traction of nickel in the wet way, ii. 
574 

Calomel, found with native mercury at 
Montpellier, ii. 255, 250 
Calvert, on thermal conductiviri of 
silver, i. 456; of gold, i. 752; on 
the expansion of zinc by heating, 
ii. 2 ; on thermal oonductivity of 
zinc, iL 2 ; of merouiy, ii. 50 
Calvert and Johnson, on linear expansion 
by heat of bismuth, ii. 347 ; on 
linear expipsion by heat of tin, ii. 
375; on linear expansion of anti- 
mony, ii. 430 ; on thermal oonduc- 
tivity of antimony, ii. 431 
Carbon, action on copper, L 5 ; action on 
cuprous oxide, i. 7 ; action on cupric 
oxide, L 8 ; action on cuprous sul- 
phide, i. 10, 11 ; action on ouprie 
sulphate, i. 12; smelting calcmed 
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Clipper ores with, for matte, i. 86, 
87 ; reactions with lead compounds, 
i. S877, 280, 281 ; in smelting process, 
i. 840, 341 ; present in commercial 
zinc, U. 4 ; action with zinc, ii. 5 ; 
action with zinc oxidet ii. 6, 7 ; 
action with zinc sulphide, ii. 0-11 ; 
action with zinc silicate, ii. 11 ; 
action with zinc sulphate, ii. 12; 
action with mercuric sulphide, ii. 
258 ; action of, with nickm, ii. 407» 
498, 502; effect on aluminium, ii. 
627 

Carbon dioxide, used in displacement of 
gases from copper, i. 2 ; action on 
copper, i. 6 ; action on cuprous sul- 
phide, i. 11 

monoxide, absorbed by molten cop- 
per, i. 2, 5, 6 ; action on cuprous 
oxide, i. 7 ; action on cupric oxide, 
i. 8; action on cuprous sulphide, 

i. 11 

Carez, on treatment of tin-cuttings, ii. 
424 

Carinthian process of lead-extraction 
by air-reduction, i. 289, 290-296 j as 
conducted at Bleiberg, i. 290-296, 
319 ; furnace, i. 291*, 319 ; three 

stages in, i. 292-293 ; disadvantages 
of, i. 294 ; employed in America, i. 
295*, 296 ; for zinc distillation, ii. 
94, 100, 101* 

Garleton- Williams, on boiling jioint of 
antimony, ii. 430 

Carnegie Co., the manufacture of nickel- 
steel by, ii. 507 

Camelly, on boiling point of bismuth, ii. 
347 ; on boiling point of antimony , 

ii. 430 

Carnot, on extraction of bismuth at 
Meymac, ii. 362 n 
Carr's disintegrators, ii. 107 
Carter, on filtration of tin, ii. 416 
CasetteSfUsed with shaft-furnaces workeil 
intermittently for calcinatiou of 
cinnabar, ii. ml 

Cassel's method of electrometallurgical 
extraction of gold, i. 841 
Cassel and Kjellin’s process of electro- 
lysis of zinc, ii. 214 
Cassiterite, nee Tinstone 
Cassius, purale of, gold in, i. 752 
Castellero, first extracted mercury from 
Californian cinnabar, ii. 258 
Castilian blast furnace, the, i. ^4, 413 
Costner, see Deville 

Cavendish, on solidification of inercurA', 
ii. 250 

Cazo process of silver extraction, i. 
618-620 

Cement waters, treatment of, i. 209, 
210 ; -copper. {See urttkr Craper) 
Cement, ^Id bearing gravel, i. 771 
Cementation, or parting of gold by sail, 


Cerussite, composition and localities of, 
i. 282 

Cervantite, ii. 437 
Chalcanthite, localities, etc., i. 15 
Chalcocite, its localities, etc., i. 14 ; 
extraction of copper, i. 17 ; objects 
in voasting, i. 25 

Chalcopyrite, reduction of, in calcination 
of zinc blende, ii. 35 ; see Copper 
pyrites 

Chance, on precipitation of copper by 
residues of Leblanc soda works, 

i. 209 

Chaugy, on extraction of tin by electro- 
lysis, ii. 427 

le Chatelier, Andri^, on tenacity of heated 
aluminium, ii. 627 

Chenhall, his furnace for zinc distillation, 

ii. 101 

Chessylite, see Azurite 
Chilian Mill, for the Kriihnke pipceas, 
i. 622, 623,* 627 ; for gold amalga- 
mation, i. 772 
China-silver, ii. 506 

('Chinese furnaces for tin smelting, ii. 403 
Chloanthite, ii. 508 

('hlorides, the solubility of the vaiious, 
i. 461 ; alkaline, melted with zinc 
scums, i. 549 

Chloridising roasting of cuprous sulphide, 

i. 10 ; of silver ores, i. 682-688 
Chlorination of gold ore, i. 810-819 ; 

without agitation of ore, i. 810 815 ; 
with agitation of ore, i, 815 819 
Chlorine, action on silver, i. 457 : present 
in commercial zinc, ii. 4 ; action on 
hismutli, ii. 348 ; action with arsenic, 

ii. 472 ; efi'ect on nickel, ii. 498 
(3iloriiio gas, gold-parting by, i. 847 850 
Christofle, metluKl of nickel extraction, 

ii. 578 

Christofle's metal, see China-silver 
Christofle works at St. Denis, nickel 
extraction at, ii. 582, 585 
Christy, K. B., on calcination of gold 
ores, i. 807 
Chromite, ii. 508 
Chrysocolla, localities, etc., i. 15 
Cinnaliar, artificial, ii. 252 
native, ii. 252 ; localities of, ii. 255- 
259 ; hepatic, ii. 255 ; manufacture 
of artificial, ii. 344-3M ; green, see 
Zinc OTeen. (For treatment of, see 
amfer Mercury.) 

Clapham, on production of chloride of 
copper in dry way, i. 221 
Classen, ou melting point of bismuth, ii. 
347 

Classen and Ludwig, method of anti- 
mony extracti^, ii. 46tf 
Claudet’s process, i. 739 
Clay, fireprobf, for vessels for zinc- 
distillation, ii. 91-93, 98 
Clement, on patio process, i. 634 
Clerc, on the Jumbo fumaoe, i. 315 u ; 
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propotol for improvement* in zinc 
extraction, ii. 185 n\ on Bartlett 
proceaa, ii. 236 n 

<'oal-tar colouri, extraction of anenioal 
products from the residues, ii. 495 
Coarse metal, smelting copper-matte for, 

i. 12^139; calcining, L 18^140; 
smelting for white metal, i. 140; 
methods of workiug, i. 143-161 

<*obalt, action in electrolysis of copper 
slimes, i. 262, 263: an speiss from 
lead smelting, i. 389 ; arsenical ores 
of, ii. 476 ; tin-white, ii. 476 ; effect 
on nickel, ii. 497, 602 
physical properties, ii. 597 ; chemical 
properties, and compounds, ii. 597, 

598 ; ores, ii. 598 ; extraction of co- 
balt oxide, ii. 600-606 ; extraction of 
metallic c^lt, ii. 608 ; production 
of smalt, ii. 609; maniuaoture of 
special cobalt cumpoutids, ii. 613: 
alloy of aluminium and, ii. 631 

< 'olNiltamines, ii. 598 

< 'ohalt, bloom, ii. 599 ; bright white-, n. 

5M ; bronze, it 600, 613 : glance, 

ii. 476, 598 ; nickel pyrites, ii. 599 : 
pyrites, ii. 598 ; tin white-, ii. 598 ; 
ultramarine, ii. 600, 613 ; -vitriol, ii. 

599 

Dobaltic oxide, ii. 597 

< 'olialtine, ii. 598 
</o1)alto8u-cobaltiu oxide, ii. 597 
i'ulmltouH oxide, ii. 597 ; sulpliide and 

sulphate, ii. 508 
(Viccinite, ii. 259 

Oochlovius’ adapter for zinc-distillation 
furnaces, ii. 158*, 159 
i'ockerill Works, Belgium, ferro-nickel 
made at, ii. 506 

Cuehn, on electrolysis <if zinc, ii. 201, 
214 

Colas, in patio process, i. 645 
Cold-shortness, causes of, in copper, i. 
2-6 

(/ullinsviUe Zinc Co., the, Brown-furnace 
for calcining zinc-blende used by, ii. 
50 

< *oinbiiiatiuii Mining and Milling Go. ; at 

Pliilipsburg, combination process of 
silver extraction at, i. 674 
( 'oiubination pan, for Washoe process, i. 
658, 659^ 

f'oinbination process of silver extraction, 
i. 674 

(.’oinstook lode, the, Washoe process of 
silver extraction used for ores from, 
i. 658 ei mtq. 

( Viiidensers for mercury furnaces, ii. 
235-2^7 : composition of soot from, ii. 
329-332; treatment of soot from, ii. 
332-385 : acid water from, ii. 335, 
336 ; (see Adapters) 

Condensing flue for arsenious acid, ii. 
484, 485* 

Conechy, on volatility of arsenic, ii. 471 


(Jlonsoltdaied Kansas City Smelting and 
Refining Co., i. 414 ; composition of 
refined market lead from the, i. 455 
Consolidated Virginia Mill, Washoe pro- 
cess of silver extractiMi* i. 648 et 
aeq. 

Converter process of copper extraction, 
i. 21-24, 158-166; refining nickel- 
matte in« 580, 642 et seg. (fw various 
oonverteie sse umlar Bessemer, 
Manhes, Stalmgn, etc. ) 

Cookson and Go., Messrs., works of, near 
Kewcastle-on^Tyne, i. 3l2 ; anti- 
mony reduction by, K 457 
Copw, physical properties i. 1-6; 
ehemiosl properties, i. 6, 7 ; chemi- 
cal reactions of compounds of, i. 
7''13; ocas and their localities, i. 
13-16 ; irtifieial products of, i. 16 ; 
methods of extraction, i. 16 

BXTKAmoN or cxwpim by dry 
MglTHOiMi, i. 17-196 ; various pro- 
cesses, i. 18-24 

Gerauin process, i. 18-126 ; calcination 
of ores, i. 25-28 ; normal heap* 
roasti^, i. 29-34 : kernel roasting, 
1 . 34 -37 ; heap-roasting of fines, i. 
37, 38 ; removal of bitumen by 
heap-Eoasting. i 38 ; cabining in 
stalls, i. 38 44 : in p 3 rTites burners, 
i. 44 49 ; in kilns, i. 49-62 ; in shaft 
furnaces, i. 62-67 ; in reverberator}' 
furnaces, i. 67-83 ; in muffle fur- 
lumos, i. 83-86 ; smelting for matte, 
1 . 86-112; calcination of matte, i. 
112-116 ; smelting of calcined matte 
for coarse copper, i. 117 -122 ; smelt- 
ing with concentration of matte, i. 
120-125 

English process of smelting, i. 125-139 ; 
calcining ores, i. 126-1^ ; smelting 
calcined ore in reverberatory fur- 
naces,, i. 129; compositions of 
various pyritic ores i. 180 ; calcina- 
tion of coarse metal, i. 139, 140 ; 
smelting calcined coarse metal, i. 
140-143; smelting white metal, i. 
143-146 ; treatment of coarse metal 
for coarse copper, i. 147-151 ; treat- 
ment of copper bottoms, i. 151, 152 ; 
examples of English process of 
smelting, i. 152, 1& 

Anglo-German process, i. 153-168 

Be^mer process (converter), i. 158- 
166 

pyritic smelting of copper, i. 166, 167 ; 
extraction of, from oxides and salts 
of, and from ores containing native 
craper, i. 167- 169 

purification of coarse cpfi^r in the dry 
way, i. 169-198 : various methods, 
i. 171 ; by separate refining and 
toughening, i. 171-181 ; production 
of tongh-piteh copper, i. 180, 181 ; 
purification in refinmg hearth, i. 181 
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Copper, refining by Engliuh procene, i. 
181-198 : casting copper, i 192, 193 ; 
impurities in the various refined 
coppers, i. 194 

EXTRACTION BY WBT MBTUODR, i, 198- 

248 ; from ores that contain cop^r 
as oxide or carbonate, i. 199 ; amu- 
tion of, i. 199; lixiviation by means 
of sulphuric acid, i. 199, 200 ; 
hydrochloric acid, i. 200, 201 ; with 
other solvents, i. 204, 205 ; precipi- 
tation of copper, i. 206-208 
extraction from ores that contain it 
as sulphate, i. 208-210 ; as sulphide, 
i, 210-235; transformation of sul- 
phide into sulphate, i. 210-216 ; 
transformation oi sulphide intooxide, 
i. 216 ; transformation of sulphide 
into chloride, i. 216-230 ; composi- 
tion of ores calcined for chloride of 
copper, i. 226, 226, 227 ; works for, 
228-234, 236 ; dissolving copper out 
of the ores, i. 236-240 ; solution of 
sulphate, i. 236 ; solution of oxide, 
i. 236, 237 ; of chloride, 237-240 
precmitation of copx>er from solutions, 
i. 2iO- 246 : from cupric sulphate, i. 
240, 244 ; from copper chloride, i. 
241-246 ; conversion of cement 
copper into merchantable copper, i. 
246-248 

EXTRACTION BY ELECTRO - METALLUR- 
GICAL METHODS, i. 248-274 ; from 
ores, i. 249-267 ; from mattes, i. 
267-260 ; from alloys, i. 2^ 273, 
274 

effect of copper on lead, i. 276-280 ; in 
roasting and reduction process, j. 
321 ; in smelting process, i. 342 ; in 
products ot blast furnace smelting of 
lead, i. 381, 382 ; in various lead 
oies, i. 386 et seq, ; reduction in iron- 
reduction process of lead extraction, 
i. 396 ; extraction of black copper 
from lead mattes, i. 408 ; lead 
extracted from flue dust from 
Mansfeld copier works, i. 422 : 
elimination of, in refining of lead, i. 
431 

action of copper on silver sulphide, i. 
469, 460 ; alloy of silver and, i. 464 ; 
silver in copper schist of Mansfeld, 
i. 468 ; extraction of silver from 
argentiferous black copper by sul- 
phuric acid, i. 603 608 ; from copper 
matte, i. 608-610 

effect of copper on gold, i. 766 ; reduc- 
tion of, in gold-refining, i 864, 868 
present in commercial xinc, ii. 4 
action with zinc sulphide, ii. 10. 
treatment of with zinc calcination 
products, ii. 83, 84 ; action with 
mercuric sulphide, ii. 253 ; contained 
in crude bismuth, ii. 369 ; extracted 
from crude bismuth, ii. 371 ; effect 


on tin, ii. 376 ; separation from tin, 
ii. 382, 383, 390 ; alloys of antimony 
and, ii. 4M, 437 ; enect on nickel, 
ii. 497. 500-508 ; in German silver, 
ii. 606; extraction of nickel from 
ores containing, ii. 61 1 aeq. ; forma- 
tion of copper-nickel matte, ii. 530 ; 
formation of copper-nickel alloys, ii. 
644 et aeq. ; effect on aluminium, ii. 
627 

Copper-bismuth glance, ii. 352 
Copper, black, production of in smelting 
of ** bleistein,” i. 168 ; composition 
of after electrolysis of copper slime, 
i. 266 {aee cUao Meloconite, Blister 
Copper) 

Copper, cake-, i. 161 
Copper, carbonates of, reactions of, i. 9 
Copper, cement, compositions of from 
various places, i. 246, 246; con- 
version into merchantable copper, i. 
246-248 

Copper glance, aee Chalcocite 
Copper, Lake-, i. 194, 196 
Copper matte, (Sulphide of Iron and 
Copper), i. 9 ; action of air and silica 
on, 1 . 10 ; treatment of, in German 
smelting process, i. 19 ; in English 
process, i. 20, 21 ; in Bessemer pro- 
cess, i. 21 ; smelting calcined ores 
for, in shaft furnaces, i. 86-112; 
separation of, from slag, i. 88-90, 94, 
95; coarse, composition of, i. 110, 
111; calcination of, i. 112 116; 
smelting calcined matte for coarse^ 
metal, 1 . 117-122; production of 
** diinnstein,” i. 117 ; concentration 
of, combined with extraction of copper 
by German process, i. 120 126; 
composition of, in smelting coarse 
copper, i. 141 ; concentration by 
Welsh process, i. 147 ; from smelt- 
ing kupferschiefer, i. 155 ; from 
' smelting ‘^bleistein,’" i. 167, 168; 
production of coarse copper from, by 
Bessemer process, i. 158-166; con- 
centration of, in Stalman converter, 
i. 166 ; extraction of copper from, 
by electrolysis, i. 257 -zfM; silver 
extraction from, i. 608 -610 ; amal- 
gamation of, i. 692, 693; of black 
copper, i. 693, 694; of speiss, i. 
694-696 

Copper-mica, effect of, on copper, i. 5, 6, 
173 

Copper, Moss-, composition of, i. 149 


Peteri^ of a 

before and after calcination, i.*33; 
calcined in Mal4tra furnace, i. 68 ; 
smelting of, in United States, i. 91 ; 
at Mansfeld, i. 113 ; calcination of, 
for sulphate, i. 213-215 
Copper, Rosette-, i. 174 
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(Jopper-Roale, production of, i. 6 ; in 
toughening process, i. 181 
(Jopper-Bchists, see Kupferschiefer 
( 'opper, silicates of, reactions of, i. 9 
(-Copper slag, treatment of in various 
processes of calcination, i. 2S^-24 ; 
separation from matte in smelting of 
Quoined copper ores, i. SS-QO, 94, 
95 ; teMe showing composition of, 
from Oker, Altenau, Fahlun, 

and Mansfeld, i. 90, 111 ; oomposi- 
tion of slags in £^liah copper 
smelting process, i. 126, 127 ; from 
Welsh process of coj^per sineltitm, 
Le Play on composition of, i. Iw, 
141 ; -metal, red and white, i. 160 ; 
from Stalman converter, composition 
of, i. 164 ; from copper refineries, i. 
180, 194; composition of Welsh 
refinery slag, i. 195 

Chopper Sulphide (Gi^S), Cuprous 
sulphide 

(Jopper, Tile-, i. 147, 151 
Chopper, tough-, i. 148 ; tough 'pitch, i. 
104 

Copper vitriol, Chalcanthite 
( 'opper Queen Compaq’s works, Bisbee, 
Arizona, Manhes-Davul converter at, 
i. 162 

Chopper Queen Mine, Arizona, process of 
smelting at, i. 168, 169 
(/orduri4, on oxi<lation of zinc by sfeam, 
i. 650 

(’ordurit^ process, for treatment of zinc 
scums, i. 550 

(yomish process of lead extraction, i. 
296 

(yornwall furnace, for zinc-distillation, ii. 

115*, 116 

(yorraline ore, ii. 255 
Corrosive sublimate, we Mercuric 
chloride 

Cortez Mills, Nevada, patio prooesb at, 

i. 719 

Corundum, ii. 633, 634 
Cousino, firm of, at Lota, Chili, con- 
verters used by, i. 166 
Covellite, localities, &c., i. 14 
Cowles Brothers, process of aluminium 
extraction, ii. 636, 636, 647, 660 
Cowgr-Coles, on electrolysis of zinc, ii. 

Cradle gold-washer, i. 760, 761* 

Cramer, on Chinese tin-smelting furnaces, 

ii. 403 n 

Crawford Mill, i. 776, 777* . .. 

CreightcHi, on melting-point of tin, ii. 

Crell, on gold-partmg by sulphur, i. 
846 

Croooite, i. 283 

Crooke process of leading silver matte, 

i. 4ffe 

Crosby’s amalmunators, i. 801 
Crucible hearth, Tiegelofen 


Cruile copper, {fiff tifirirrCopper, Blister 
copper) 

Cryolite, ii. 633, 634 
Cupellation of rich zinc scums, i. 549 
of argentiferous lead, L 666-668 ; in 
Cerman furnace, i. 666, 688 ; with- 
out addition of lead, i. 688^686; 
with additions of leadi i, 686, 586 ; 
in English furnace, i. 6^, 696 ; of 
auriferous load, i. 768 
Cupellation fumaceit, extraction of bis- 
muth in, ii. 861-868 

Cupelfaitioii jprocesses, smelting of the 
bye-pixxracts cf, i. 480 
Cupric chloride (ClIuCls), action on cop- 
per, i. 11 ; chemical reactions of, i. 
12, 13 ; action of electrolysis, i. 18 ; 
trausfonqoation of snlphiae into, i. 
216, 286 j solution of copper as, i. 
287, 240; preoipitatkm m copper 
from, i. 241, 246 

oxide <CuO) produoedby action of heat 
on 0 (»pper, 6 : chemical reactions of, 
i. 8 ; action on ouprous sulphiile, i. 
10 ; action on oupnc chloride, i. 12 ; 
reduction of in extraction of copper 
ores by German process, 1. 19 ; re- 
lUiction of by English process, i. 20 ; 
reduction by Bessemer process, i. 
21 ; solution of ccmper as, i. 236, 237 
sulphate, action oi, as electrolyte, in 
precipitation of copper, i. 7 ; chemi- 
cal reactions of, i. 12; action of 
electrolysis upon, i. 12; reiluotion 
of in extraction of copper ores by 
German process, i. 19 ; by the 
English process, i. 20 ; solution of 
copper as, i. 236 ; precipitation of 
copper from, i. 24U, Ml 
sulphide, chemical reactions of, i. 9-11 
Cupriferous artificial products, i. 16 
Cuprite (Gu^), its localities, etc., i. 13 
Cuproso-leaa oxide, action on, i. 3 
Cuprous chloride (Cu^Cl^, chemical reac- 
tions of, i. 12 ; action of electrolysis 
in, i. 12 ; transformation of sulphide 
into, i. 216, 235 ; solution of copper 
as, i. 237, 240 ; precipitation of cop- 
per from, i. 241, 246 
oxide (CiuO), absorbed by molten cop- 
per, i. 2, 3 ; effect of, combined with 
oxide of bismuth, on copper, i. 4 ; pro- 
duced by heating copper to redness, i. 
6 ; chemical reactions of, i. 78 ; action 
on cuprous sulphide, i. 10 ; reduc- 
tion of in extraction of copper ores, 
by German process, i. 19 ; imuction 
of by En^ish process, i. 20 ; reduc- 
tion by Bessemer process, i. 21 ; 
transformation of sulphide into, i. 
216; solution of copperas, i. 236, 
237 ; action in electrolysis of copper 
slimes, i. 261 

sulphide (Ci^), action on copper, 
i. 5 ; action on cuprous oxide. 
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L 7 ; aotion on cupric oxide, i. 8 ; 
ohemioal reactions of, i. 9, 12 ; eleo- 
trolvBiB of, i. 11 ; aotion on cupric 
aulpnate, i. 12 ; reduction of in 
English process of extraction, i. 20 ; 
oo|^r soluble in, i. 149 1 reduction 
of tor copper, i. 210, 235 ; aotion in 
electrolyuH of copper slimes, i. 261 

Currie, S. C., on electrolysis of alkaline 
solutions for sino, ii, 218 

Curtis, W. M., on solubility of the 
various chlorides, i. 461 ; on Augus- 
tin process, i. 709 

Ouster Mill, Idaho, pan amalgamation 
at, i. 697 

Oyanidation, direct, of sold ores, i. 839- 
841 ; {aee MaoArthur-Forrest pro- 
cess) 

Czermak furnace for cimellation of ar- 
gentiferous lead, at radbram, i. 570, 
576* ; mercury, ii. 305, 306*-309, 
312 ; composition of mercurial soot 
from, ii. 331 ; treatment of soot in, ii. 
335 ; various ores treated in, ii. 837, 
338 

*Czermak condenser, used with Exeli 
furnaces, ii. 280 ; with Langer fur- 
naces, ii. 289 


1 ) 


Daohberg, i. 155 

Dagner's adapters, ii. 136*-139 ; zinc 
fume from, ii. 184 ; cadmium ex- 
tracted from flue-dust caught by, ii. 
244,245 

Hammer, on Brand’s electrolytic method 
of tin-refining, ii. 428n 

Daniell, on the melting-point of zinc, ii. 

2, 4 

Davoy, on Bartlett process, ii. 236n 

David, converters of, aee. Manh4s 

Davies, on production of work-lead finm 
speifis, 1 . 496 

Davis process of gold chlorination, i. 
816; of precipitation, i. 821 

Day Dawn Mine, the, W. Australia, 
MaoArthur-Furrest gold-extraction 
process at, i. 830 et aeq. 

Dead-roasting of copper matte, i. 113- 
116 

Debray, on chemical reactions of silver 
oxide, i. 457 

Decomposing cells, used in electro-metal- 
liirincBrl iiio^hodof copper ext^rttct/ioH) 
i. 251* 

Deetken, on Plattner process, i. 804; 
on chlorination of gold ore, i. 814 

Degenluurdt, on day vessels for zinc- 
distillation, ii. 93 

De Luyne, on extraction of bismuth from 
alloys, ii. 364, 365 

Demarc^ on boilingtpoint of antimony. 


]>ense-poling, ate Poling. 

Dentistry, cadmium used in, ii. 243 ; 

bismuth used in, ii. 351 
Desohamps, his method of purification of 
bismuth, ii. 372 

Designolle’s process of amalgamation, i. 
702 ei aeq.f 802 

Desilverisation. {See under Silver, etc.) 
Despretz, on thermal conductivity of 
silver, i. 456 ; of gold, i. 752 
Detroit Copper Go., the, treatment of 
oxidised ores in works of, i. 168, 169 
Deville, on the volatility of zinc, ii. 2 ; 
on the chemical reactions of zinc 
oxide, ii. 7 ; on the boiling point of 
cadmium, ii. 241 ; on tensile strength 
of nickel, ii. 496 ; analysis of Cali- 
fornian crude platinum, ii. 617 ; on 
crystallisation of aluminium, ii. 626 : 
on specific heat of aluminium, ii. 
627 ; his method of aluminium ex- 
traction, ii. 637 ; the Deville-Castner 
methcxl, ii. 6M ; his electrolytic 
method of extraction, ii. 645 
Deville fumace, the, for extraction of 
platinum, ii. 618, 619* 

Deville and Caron, on tin-iron alloys, ii. 
407 

Deville and Debray, on specific gravity of 
platinum, ii. 614 ; analysis of Choco 
crude platinum, ii. 617 ; on extrac- 
tion of platinum, ii. 618 
Devon (»reat Consols Mine, Devon, 
arsenic from, ii. 480. 

Dewey, on Moffet hearth, i. 315 u 
Dick, on chemical reactions of zinc 
oxide, ii. 7 

Dietrich, on composition of lead ore from 
Przibram, i. 391 

Diez, on composition of ancient Laurtum 
slags, i. 420 

Dingier, on nickel smelting at Kragerii, 
ii. 529 /f, 536 n et aeq. 

Distillation of zinc scums, i. 540-548 ; ii. 
84 

Distillation residues, mercurial, ii. 336 
Dixon, method of nickel extraction, ii. 
577 ; on extraction of nickel from 
speiss, ii. .586 

Dodge’s stone-crushers, used in Washoe 
process of silver extraction, i. 649, 
776 

Dobereiner, on extraction of platinum, 
ii. 622 

Dotsch process of formation of chloride 
of oouper, i. 217, 218, 237 
Dole, aee Moulin 

Dolomite, reduction of, in calcination of 
zinc blende, ii. 36 

Donath, on treatment of tin-cuttings, ii. 
424 

Dony, Abb4, designer of Li^ge furnace, 
ii. 112 

Douglas furnace for oo[^r, L 85, 86 ; for 
calcining zinc blende, ii. 74 



(GENERAL INDEX 


701 


Douglas, James, bis Manh^s aud David 
converter at Bisbee, Arizona, i. 102 ; 

of copper extraction, i. 

Down, on precipitation of copper, i. 206 
Draught furnaces for Rmelting lead ores. 

1. 348, .W, 350*, 351 ^ ’ 

Drumlummon Mill, Montana, gold amal- 
gwn^ion means of amalgamated 

D|^ copper, see Qaarkupfer 
“ Dicing ” prooess in pr^uction of silver 
from work-lead, i, 500, 501*, 502 
Duolofl, proposal for improvements in 
zinc extraction, ii. 185 
DUnnstein, production of, i. 117; com- 
position of, i. 118, no 
Durre, on ^ Belgo-Silesian furnaces for 
zinc distille^ion used in Rhine pro- 
vinces, ii. 155 ; on woduotion of zinc 
white, ii. 226, 230n, 282 
Dullo, on extraction of plsAitmm, it. 628 
Dulong, on specific heat of goki, i. 738 ; 

on boiling point of mercury, ii 250 
Dumping the ores, in copper hesp roast 
ing, i. 31 

Dust furnaces for roasting powdered IosaI 
ores, i. 328 

Dyar, propel for improvements in zinc 
extraction, ii. 185 

Dye works, tin precipitated from waste 
water of, ii. 423 
Dysorasite, localities of, i. 466 


K 


Karthy oobalt, ii. 508, 590 
Kbermayer, on smelting roasted nickel 
matte, ii. 535; on refining nickel 
matte, ii. 540 tf arq, 

Kokart Works, the, Mansfeld, manu- 
facture of Bulphurio acid at, i. 155 
Kdelmann, on production of a zinc-silvcr 
alloy from work-lead, i. 561 ; on im- 
purities in commercial zinc, li. 3 ; on 
refining zinc, ii. 178 

Kditha smalt works, Silesia, extraction 
of nickel by electrolysis, ii. 569; 
separation of nickel and cobalt at, 
ii. 602 

Rdmunds, on treatment of tiu-cuttings, 
ii. 422 

Edward Morrison Consolidated Mining 
Go., the, at Zacatecas, i. 630 
Egestorffa ^t works, electrolysis of 
snlphate of zinc at, ii. 206 
Eggertz, on cnprous oxide in copper, i. 2 
E^eston, on effect of tellurmm on 
copper, i. 4 ; on lake copper, i. 106 ; 
on the Gazo process, i. 618 n ; on 
patioprooess, i. 636 n, 661, 671, 672 ; 
on the Stevenson pan, i. 658 » ; on 
Californian stamp mill, 681 ; on the 
Stetefeldt furnace, i. 687 ; on sizes 


jrf gold nuggete, i. 7«7 s on hydiM- 
jio mming, I. 786 e( Mg. t on Hunt, 
•njpm gold MMlgMMtlon milla, !. 
774n ; cm stamp Mis, i. 784 r/ sec. ; 

pw amiigamation, 
1 . 706 ; on amahnunatid olatea. i 
707 ; on caloiimtTbrofgo& i. 
808 ; on chlorination of gold ore, i. 
814; on inquartatta, i. 852 n; on 
gold i 866n esg. ; on ex 

temolly fired furnMeafor calcination 
of cinnabar, li. 876 ft ; on Exeli fur- 
naces, ii. 280 «i, 283-286 ; cm Knox 
furnaces, it. TO. 292; on Granzita 
furnaces, it. 207 ft ; on Tierras 
furnaces, ii. 803 ; on Idx'ermore 
furnaces, ii. 805 ; on calcination of 
cinnabar with lime w iron, ii. 324 a ; 

of mercurial soot in 
Galiieoniia, ii. 332fi, 334ft 
Ehrenwerth, on production of zinc white 
at ^thlehem, ii. 288»; on nickeJ 
steel manufacture, U. 607 ; on com- 
position of nickel mattes, ii. 520 m ; 
on removal of copper from nickel 
matte, ii. 550, 553 
Eioh, on Knihnke process, i. 621 
Eichhorn.on the Uebig-Ei^hom furnace, 
ii. 65 

Ellers, on oompuHition of slag from 
American lead smelting works, i. 
346 

Eissler, on T^robert’s furnace, i. 353 n 
Klbku^ferwerk, the, near Hamburg, j. 

Electrolysis, action cm impure copper, 
i. 7 ; on cuprous sulphide, i. 11 ; on 
cupric sulphate, i. 12; on cuprous 
chloride, i. 12 ; on cupric chloride, 

1 , 13 ; methods of copper extraction 
by, i. 16 ; in desilverisatiou of copper 
ores, 1 . 23, 24 ; treatment of bottoms 
»t WslUroo by, i. 1S3; uied in 
punfication of coarse copper, i. 170 ; 
extraction of copper &om ores, 

1 . 249-257 ; from mattes, i. 267-200 ; 

alloy., 1. 28tt-278«, 274; reaning 
of lead by, i. 433 ; of rilver, i. 749- 
751 ; partug of gold by, i, 873-876; 
of nnc, li. 108-240 (we under Zinc) ; 
extraction of cadmium by, ii. TO, 
249 ; extracticm of mercury by, ii. 
343-344 ; extraction of bismuth from 
1^1 aUoys by, ii. 365-368 ; extrac- 
tion of tin by, ii. 424r-428 ; refining 
of tin by, ii, 428 j extraction of anti- 
mony by, ii. 408-470 ; extractkm of 
arsenic by, ii. 470, 480; extraction 
of mckel by. ii. 588-501 ; extraction 
of platinum by, ii. 625 ; extraction 
of aluminium by, ii. 635, 636, 646- 
604 

Eliot, on impurities of zinc, ii. 2-4 
Elkington, method of extraction of 
copper from its alloys, L 260 
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Elliot Works, the, South WalcH, circular 
shaft furnaces used at, i. 108 
Eisner, on volatility of gold, i. 752 ; on 
solubility of gold in potassium 
cyanide, i. 829 

Ely pig copper, analysis of, i. 118 
BUmbolite, localities of, i. 408 
Emmens, on production of refined nickel 
matte, li. 649 ; on extraction of 
nickel in the wet way, ii. 674 
Enarffite, localities, etc., i. 16 
Engelhardt, on extraction of gold by 
bromine, i. 827 

English process of copper smelting, i. 
125-189 ; various operations, i. 126, 
126 

•calcining the ores, i. 126-129 ; smelting 
calcined ores, i. 129-139 ; calcination 
of coarse copper, i. 139, 140 ; 
smelting coarse copper, i. 140- 143 ; 
smelting white metal, i. 143-147 
with repeated concentration processes, 
i. 147-152; examples of, i. 152, 
163 

(see Anglo-German process. Rever- 
beratory furnaces, etc. ) 
of extraction of lead by air-reduction, 

i. 289, 296- 303 ; furnaces for, i. 208*, 
290, 800* ; localities used in, i. 
300-803 

English calciner for copper extraction, i. 
127, 128*, 129 ; for lead extraction, i. 
297, 298*, 299*, 300 ; for ciipellation 
of argentiferous lead, i. 686 et atq, ; 
for zuic distillation, ii. 04, 98, 90*, 
100 * 

Erdmann, on separation of cobalt and 
nickel, ii. 603 

Ernst, on Nikitowka Mercury Works, 

ii. .841 n 

Erubescite, see Bomite, i. 14 
Erythrine, see Cobalt bloom 
Escosura, on the Bustamente furnace, ii. 
268n, 273 

Estufa, in patio process, i. 636 
Eul3rtine, see Bismnthic silicate 
Eureka Consolidated Works, Nevada, 
production of work-lead from Speiss, 
1. 496 ; Rozan process at, i. 618 ; 
Wheeler pan at, i. 659 ; calcination 
of gold ore at, i. 809 

Eureka rubber, for gold amalgamation 
processes, i. 797, «98 
Kxeli fumaoe, ii. 270*-286 ; reverberatory 
furnaces for extraction of mercury, 
ii. 309, 311, 312* ; furnaces for ore 
fines and soot, ii. 324; his soot- 
presses, ii. 832, 333* 


F 

Faber du Faur, his fumaoe for distilla- 
tion of sine scums, i, 640, 541*, 546 
Fahlore, localities of, i. 16, 467 ; objects 


in ixiasting, i. 26 ; mercurial, ii. 259 ; 
stall-calcination of, ii. 264 
Faraday,on solubility of gold in potassium 
cyanide,!. 829 
Feather-ore, ii. 437 

Fenwick, on extraction of tin by electro- 
lysis, ii. 427 

Ferraris furnace, for buining calamine, 
ii. 26, 29* 

Ferric chloride, action on cupric oxide, 

i. 9 ; action on cuprous sulphide, i. 
11 ; for formation of chloride of 
copper, i. 217-220 

oxide, reduction of in zinc distillation, 

ii. 86 

sulphate, action on cupric oxide, i. 9 ; 
action on cuprous sulphide, i. 10, 11 ; 
reduction of, in extraction of copper 
ores by German process, i. 19 ; 
reduction of, in extraction of copper 
by English process, i. 20 ; a solvent 
for copper, i. 205; formation of 
copper sulphate by aid of, i. 215, 
216 

Ferro nickel, ii. 606, 607 
Ferrous chloride, action on cupric oxide, 
i. 9 ; action with hydrochloric acid 
on cuprous sulphide, i. 11 ; lixivia- 
tion oi copper in solutions containing, 
i. 201-204 

sulphate action on cupric oxide, i. 9 ; 
action on cuprous sulphide, i. 10; 
reduction of, in extraction of copper 
ores, i. 19 ; reduction of, in extrac- 
tion of copper by English process, i. 
20 ; a solvent for copper, i. 205 

sulphide action on cuprous oxide, 
i. 7 ; action on cupric oxide, i. 8 ; 
action on silicates of copper, i. 9 ; 
action on cuprous sulphide, i. 10 ; 
reduction of in extraction of copper 
ores by German process, i, 19 ; re- 
duction by English process, i. 20; 
, reduction of, in zinc distillation, ii. 
86 

Fiedler condenser, used with Exeli 
furnaces, ii. 282, 284* 
Fiedler-Randol condensers used with 
Exeli furnaces, ii. 283 
Fine metal, see White metal 
Firmenich, on manufacture of artificial 
cinnaW, ii. 344 

Fischer, F., on Smith’s eleotrol3rtic 
method of tin extraction, ii. 427 
Fizeau, on expansion of nickel, ii. 496 
Flach, on smelting rich zinc-scum with 
ferruginous slags, i. 549 
Flapping in scorification of lake copper, 

Flecbner, his furnace for’ roasting ar- 
senical ores, ii. 659, 660*, 564-666 
Fleck, on manufooture of artificial cinna- 
bar, ii. 344 

Fleitmann, his nickel manufactory at 
Iserlohn, ii. 496 ; on absorption by 



GENERAL INDEX 


703 


niukel of cyanogen, ii. 408 ; on 
nickel refining, ii. 598-695 
Flintshire furnace for lead extraction, 
i. 297 

Fluor 8par, reduction of in smelting lead 
ores, i. 844 
Foam, see Skuinnas 

Fohr, on refining of blicksilber, i. 696 ; 
on extraction of gold by bromine, 

i. 827 

Fohster, electrolytical method of copper 
extraction, i. 268, 269 
Ffmdon, used in Cazo process of silver 
extraction, i. 619* 

Frmscoa, on the Krohnke process, i 624 
Funtenay, on nickebrefining, ii. 505 
Forehoarths, furnaces with independent, 
see 8pur5fen ; furnaces with fixed, 
nee Sumpfdfen; furnaces without, 
see Tiegelofen ; for lead-refining, i. 
433 

Fortschaufelungsofen, i. 66, 116 ; uae<l at 
Friodrichshiitte, i. 303 ; for roasting 
lead ores, i. 330>332*, 333*, 337; foi 
burning calamine, ii. 2jb28* ; for 
calcining zinc blende, ii. 43-46* : 
for antimony extraction, ii. 4|M 
Fuullon, on crystallisation of tin, ii 374 n 
Foumet, on reactions of lead sulphide, i. 
278 

Fraatz, on composition of refined Harz 
lead, i. 442 

Francisci’s furnace, for zinc distillation, 

ii. 196* 

Francke-Tina process, i. 700 702 
Franklinite, localities of, ii. 15; zinc 
white produced from, ii. 226 
Franz, on dermal conductivity of silver, 
i. 466 ; of gold, i. 763 ; of zinc, ii. 2 
Franz furnaces, ii. 273 
Fraser and Chalmers, of Chicago, buildero 

of O’ Harra-Bro wn- Allen fumaoes, i. 

73 ; Brown-Horseshoe furnace, i. 76 ; 
Briickner furnace, i. 80 ; Chilian 
mill, i. 622 ; their arrastras, i. 63U* ; 
their stamp mills, i. 781-783* 
Fi-ederick works, the, Silesia, extraction 
of zinc by electrolysis at, 221, 222 
Freehold IJnited Mine, Victoria, 
MaoArthur-Porrest gold- extraction 
process at, i. 840 

Freiberg lead furnace, sec Rlz furnaoes ; 
kilns, for calcining zinc blende, ii. 
40 : stall, copper roocting, nef WeU- 
ner’s Stall 

Freieslebenite, i. 467 
French process, of lead extraction by air- 
reduction, i. 290, 308-310 
Fresenius, on production and refining of 
“ rohglas,^* ii. 492 w, 493 » ; on com- 
position of nickel-copper matte, ii. 
540 

423; of argen- 
,496 

he, i. 304*, 303 


Freshening of lithari^e, i. < 
tiferous copper, i. 497 
FriedrichshUtte mmaoe, tl 


Frischeu, nee Freshening 
Frnc Vh liners, for goKl amalgamation 
mills, i. 774, 776^. 782, 784*, 785*, 
788, 789, 797 

Ftlzes4l Dreifaltigkeit Mine, the, lioicza, 
Laszlo amalgamators at, i. 793 
Furnaces, nee under the names qf *h( 
tnrioHs hinds 

Furnace Calamine, see Calamine 
Fusion, in copper refining, i. 138 


n 

Caax'-heerd, refining of copper in the, i. 
171, 172*, 175 

tlaar-kiipter, or dr} 'lopper, i. 170 ; pro- 
duolion of, i. IT), 178 
Gaarmachen, or refining, i. 170 
flalena, compoBitioiwema localitiea of, i. 
281. 282 

extraction of leail from, i. 284-404 ; 
various smelting pr^gf^ses, i. 284 

aif^duction processes, i. 286&819 ; 
in reverberatory furnaces^ i. 28H- 
290 ; the Carinthiaii ))roc.eB8, i. 290 
296; the English process, i. 296 
•k)3 ; the Tamowitz process, i. 303 - 
306 ; Bleilierg process, i. .306-308 ; 
French, or Bnttany process, i. 308- 
310; smelting in hearths, i. 310 
319 

loasting and carbon reduction pro- 
cesses, i. 319-394; reduction of, in 
calcinatiou of zinc blende, ii. 36 ; 
antimony in, ii. 4.37 

Gandolfi, on the Bustamente furnace, ii. 

268 M 

Card, on separation of carbon from 
nickel, ii. 498 ; on effect of silicon 
on nickel, ii. 4W 

Gamier, discoverer of garnierite, ii. 608, 
609 ; his process of nickel-refining, 
ii. 692, 696 

(^amierite, solubility of, ii. 606, 508; 
extraction of nickel from, ii. 564 et 
seq. 

Garret, on compMition of refined anti- 
mony from California, ii. 467 
Gate’s rock crushers, i. 787 n 
Gauthier’s shakinjg table, i. 781 
Gautier-BouohanC on manufacture of 
artificial cinnabar, ii. 344 
Gay Lussac tower, of Enj^h pyrites 
burners, i. 48 

Geber, on cementation, j. 840 
Gefttssfifen, see Muffle furaaces 
Oelleri, on the Barrel amalgamation pro- 
cess, i. ^ 

Gelstharp, on precipitation of ccmTOr by 
sulphuretted hydrogen, i. 2W ; on 
production of chloride of copper in 
^ way, and furnace for, i. 280, 
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Genth, on extraction of nickel from 
roasted matte, ii. 585 
Qetthite, ii. 500 

George works, Dobschau, Silesia, com- 
position of spelter from, ii. 182 ; 
extraction of nickel from arsenical 
ores at, ii. 550, 562, 506, 569; ex- 
traction of nickel from speiss, ii. 
586 ; separation of nickel and cobalt 
at, ii. em 

George and May gold mines, W. Aus- 
tralia, direct cyanidation at, i. 8.89 
Georgi, on muffles for zinc-distillation, 
130?}, mn 

(German furnace, for cupellation of argen- 
tiferous lead, i. 568 f’f aeq. 

German gold and silver parting estab- 
lishment, gcild parting bv electrolysis 
at, i. 875 ; treatment of silver scum 
for bismuth, ii. 964 

(«erman process of copper extraction 
combined with concentration of 
matte, i.^lfr)-125 

flermiyi silver, oflect of iron, sulphur 
and other impurities in, ii. 497, 498 ; 
composition of, ii. 506 
Germania works, Utah, treatment of 
lead matte at, i. .88.8 
Gersdorfflte nickel glance, ii. 508 
(vcrstenhOfer furnaces for copper extrac- 
tion, used at Kedabeg, for pyritic 
copper fines, i. 52 , 59*, 54*, 55 ; for 
calcination of crushed copper mattes, 
i. 116; for calcination of coarse 
nickel, i. 199; for calcination pre- 
pai'atory to electrolysis of ores, i. 
251 ; lead ores roasted in, at Frei- 
berg, i. 329 ; used at Freiberg for 
roasting lea<l ores, i. .887 ; for cal- 
cining zme blende, ii. 39, 41, 42* 
i iribb, on precipitation of copper, i. 206 ; 
on prMUCtion of chloride of copper in 
dry way, i. 221 ; furnace for, 2.80, 
231*, 2 ^* ; composition of ores 
treated, i. 233, 235 ; method of precipi- 
tation of copjier from chloride, i. 245 ; 
on composition of cement copper, i. 
246 ; on Claudet's process, i. 739 
Gibbs-Gelsthai^ furnace, for burning 
calamine, ii. 29, 51 

(iliesche, V., zinc works of, composition 
of zinc fume at, ii. 184 
Gilchrist, on treatment of copper bottoms, 
i.l51, 152 

(4ill, on precipitation of copper by sul- 
phuretted hydrogen, i. 209 
Gillon, proposal for improvement in zinc 
extraction, ii 185 n 

Glasmachen, in the production of white 
arsenic glass, ii. 488 

( llaser, proposal for improvement in zinc 
extraction, ii. 185n 
(datte, see Litharge 

Globe smelting works, Denver, Colorado, 
O'Haira furnace for roasting lead ore 


at, i. 338 ; American 'lead furnace 
at, i. 352, 879-376*, 377* ; Des fur- 
nace at, i. 354 

Gmehling, on patera process, i. 720 1 ? 

GoduUa works, Silesia, composition of 
flue dust, containing cadmium from 
ziiic calcination, ii. 248 

Gold, extraction from copper, i. 16 ; at 
Wallaroo, i. 152, 153; at Argo, 
Colorado, 1.53 ; in copper *' bottoms,” 
i. 148 ; contained in copper ores of 
Rainmelsberg, i. 156 ; process for ex- 
tracting gold from copper, i. 248 ; 
action in electrolysis of copper 
slimes, i. 262 

in lead ores, i. 288 ; reiluction in 
smelting lead ores, i. 343 ; in pro- 
ducts of blast furnace smelting of 
lead, i. 382 ; alloy of silver, i. 465 
physical propet'ties, i. 752, 753 ; che- 
mical properties, i. 753-756; ores, 
i. 7.56 ; native gold, i. 756, 757 ; 
alluvial, i. 757 ; compounds with 
telluriuin, i. 758 ; auriferous metal- 
lurgical pnulucts, i. 758 
extraction of gold, i. 758, 759 ; by 
washing, i. 760-763; by the dry 
method, i. 763, 764 ; by combined 
wet and dry mcthocls, i. 764-841 ; 
in the form of a gold inercur}’ 
alloy, i. 764; amalgamation with- 
out previous crushing, i. 765-771 ; 
amafuamation during crushing of 
gold-bearing material, i. 771-789; 
amalgamation of previously cnishetl 
gold-Wring material, i. 789-802; 
treatment of gold amalgam, i. 802 et 
aeq, ; extraction of gold by means of 
aqueous solutions, i. 80.8, 804 ; 

Plattner process, i. 804-806 ; calcina- 
tion of the ores, i. 806-810 ; chlori- 
nation of the gold, i. 810, 819 ; preci- 
pitation of gold from chloride solu- 
' tion, i. 819-826 ; extraction by means 
of bromine, i. 827 

treatment of telluride gold ores, i. 827, 
828 ; the Mac Artbur^orrest process, 
i. 828 839 ; direct cyanidation, i. 
839, 840 ; extraction by formation of 
alloys, i. 841 

elTOtn>metallurgical extraction of gold, 
1. 841, 842 
parting, i. 842-876 
in the dry way, i. 842-850; by 
sulphide of antimony, or by Oum 
mid Flvati, i. 843, 844 ; by sulphur 
and litharge, i. 844, 845 ; by sul- 
phur alone, i. 845, 846 ; by salt or 
** cementation,” i. 846, 847 ; by 
chlorine gas or the Miller process, 
i. 847-550 

in the wet way, i. 850 -873 ; by nitric 
acid, i. 851 -853 ; by sulphunc acid, 
or refining, i. 853-873. 
by electrolysis, i. 873-876 
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allo^ of zinc and ^old, ii. 12 ; alloyn of 
bismuth and, ii. 352 ; in crude bis- 
muth, ii. 369-372; occurrence of 
arsenic with, ii. 476; sefiaratioii 
from platinum, ii. 624, 625 ; effect 
of aluminium on, ii, 627-633 
(rolden Reward chlorination works, S. 
Dakota, precipitation of gold from 
chloride solution, i. 821 
Goldschmidt, («., on treatment of mer- 
curial snot, ii. 335 

Gorci on antimony pentachloriile, ii. 484 
Gossan, process of nickel extraction, ii. 
574 

Grabau, on aluminium chloride, ii. 630; 
his process of aluminium extraction, 
ii. m 3 ; on electrolytic extraction of 
aluminium, ii. 657 

Graham, on absorptiveness of gold, i. 752 
Graham-Otto-Micnaelis, on the chemical 
reactions of silver oxide, i. 458 
Gramme machines, used in electrolytioHl 
extraction of copper from its aUoys, 

i. 260 ; efhcieiicy of, i. 265, 266 
Grandfils, Jtee Binon 

(Granite mountain mill, the, at Philips- 
burg, Pan-amalgamation at, i. 697* 
(granulation of gold alloy, for refining, i 
857, 858 

Granzita furnace, the, for mercury ex- 
traction, ii. 293, 294*- 301 
(Iroenockite, occurrence and localities of 

ii. 242,243 

Grillo furnace, for zinc calcination, i. 85 ; 
ii. 63, 66* 

Grillo zinc works, manufacture of sul- 
phur at, ii. 83 

Grube-Lilniiaim producers, the, used in 
zinc distillation furnaces, ii. 120 
Grobemachen, in the production of white 
arsenic glass, ii. 488 

Grosser, Dr., on the neutralisation of 
sulphur acids from calcination of 
zinc blende, ii. 55 
Griitzner, on patio process, i. 637 
Griitzner ami KObler furnace fo** zinc 
distillation, ii. 101 

Gruner, on hand-pattinsonising, i. 511 ; 
on mechanical - pattinsonising, i. 
514 

Gruson Co., the, of Magdeburg-Bruchau, 
electro-metallurgical method of cop- 
per extraction, i. 252, 253*-256*, 256 ; 
Laszlo amalgamators manufactured 
at, i. 792* 

Giinther-Plattner furnace, for extraction 
of bismuth, ii. 350* 

Giittler, on arsenic at Ribas, ii. 476 
Guibal fans, for cinnabar calcining fur- 
naoes, iL 277, 284, 285 
Guido works, Chropaezow, Hasenclever 
furnaces for calcining zinc blende 
at, ii. 69* ; milphur dioxide formerly 
manufactured at, ii. 76 
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Gush und Fluss, gold-parting by, i. 643, 

OuBs-raffinad, i. 194, 197 , 

Gutensohn, on treatment of tin cuttings, 
ii. 422 ; on extraction of tin by elec- 
trolysis, ii. 425, 427 
Giitzkow, on gold re6ning, i. 860, 867 
Gypsum, reduction of in smelting of cal- 
cined copper ores, i. 88 


H 

Haas furnace for calcining zinc blende, il. 
71. 72*. 73* 

Habet, on the Bleiberg process of lead 
extraction, i. .HtMtii 

Hacienda de K<Mdia Mine, the, at 
Guanaxuato, i. 643 

Hac'ieiula Nueva Mine, Fresnillo, patit> 
process Mt, i. 646 

Hacienda Hauceda Mine, at Zacatecas, 
patio proocMS at, i. 646 
llknisoh, atte Schrmler 
Hafod Works, Vivian’s Copper Works 
Hahn, on oomposiiion of slag from 
Anieriiuui lead smelting works, i. 
346; on tuyeres of American lead 
smelting furnacies, i. 362; on solu- 
bility of the various chlorides, i. 
461 ; oil Augustin process, i. 796 ; (m 
electrolytic extraction of aluminium, 
ii. 653; on Cowles’ process of alu- 
minium extraction, li. 664 » 

Hair pyrites, nee Nickel pyrites 
Hair salt, ii. 634 

Hall, Charles, on electrolytic extraction 
of aluminium, ii. 652 
Hall, .foseph B., his electrolytioal method 
of aluminium extraediion, ii. 654 
Hullet and Fry, Messrs., London, anti- 
mony reductioii by, ii. 457 
Hall Valley furnace for roasting lead 
ores, i.’ 834, 338 

HalsbrUcke Works, Freiberg, lead smelt- 
ing at, i. 386- 389 ; barrel amalgama- 
tion at, i. 689 

Hamburg re6iiery, electixilytical methcnl 
of extraction of copper from its 
alleys, i. 200 

Hammergaarmachen, or toughening, i. 
170 

Hanipe on speci6c gravity of copper, i. 
1 ; absoi^tive power of copper, i. 2 ; 
on impurities in copper, i. 3-6 ; on 
action of hydrogen, and oxides of 
carbon, on cuprous sulphide, i. 11 ; 
on solubility of copper in oowper snl- 
phide, i. 149 ; on refining m coarse 
copper, i. itS; on toug^-poUng, i. 
191 , 192 ; on effect of copper on lead, 
i. 276 ; on composition of work-lead 
at Clausthal and Lautenthal, i. 403 ; 
cm composition of lead matte, i. 403 ; 
on desuverisation of lead by zme, 

z z 
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i. 434 ; on compoaitioii of leatl from 
Hm More renning, i. 435, 44() ; on 
refining blicksilber oy Roessler^H pro- 
o4iib, i. 743; on Ziervogel prooeMs, 

i. 742; his method of purification 
of bismuth, ii. 373 ; on electrolytic 
extraction of aluminium, ii. 636, 655 

Hanau Works, the, Utah, water-jacket 
furnaces at, i. ^8 

Hansainann, on manufacture of artificial 
cinnabai^, ii. 344 

Hardhead, composition of, at Altenliorg, 

ii. 408 ; smelting of, ii. 413, 418 
Hard-lead, a lead antimony alloy, ii. 

436 

Hard metal, formation of, i. 148 
Hargraves, his method of antimony ex- 
traction, ii. ‘467 

Harmet’s furnace, for extraction of zinc 
oxide, ii. 190* 

Hartig, on treatment of zinc fume, ii. 
187 

Harvey’s method of manufacturing feri-o- 
nickel, ii. 507 

Hatchett, on effect of antimony on gold, 
i. 753 

Hasenclever muffle furnace, for copper 
calcining, i. 83, 84*, 85, 116; for 
sulphuric acid manufacture, i. 129 : 
used for calcination of copper coarse 
metal, i. 139; used for smelting 
Rammelsberg copper ores, i. 156; 
lead ores roasted in, at Oker, i. 329 ; 
for calcining zino blende, ii. 34 ; on 
neutralisation of sulphur acids from 
calcination of zino blende, ii. 59 ; for 
calcination of zinc blende, ii. 67, 68* 
Hascnclever-Hclbig furnaces, for copper 
extraction, tlispositioii of the ores, i. 
52, 56*, 57*; for calcining zinc 
blende, ii. 59, 00*, 61* 

Hauch, on Hunt-llouglas process, i. 204 ; 

on the patera process, i. 718 
Hauer on effect of cadmium on soft 
solder, ii. 241 n ; on extraction of 
nickel from slags, ii. 587 
Haupt, on production of cliloiide of 
copper in dry way, i. 220 ; regenera- 
tors for Siemens gas furnaces, ii. 
160 

Haute-Feuille, on chemical reactions of 
silver oxide, i. 458 

Hauzeur double furnace, the, for zinc- 
distillation, ii. 119*, 120 
Hawel’s nozzle, ii. 141* 

Hayden, elecUolytioal method of copper 
extraction, i. 269, 271, 272 
Heap-matte, treatment of, for copper, in 
America, i. 33 

Hearths for refiining nickel matte, ii. 
539 et 

Heap-roasting of lump copper ores, i. 
26-38 ; of fines, i. 37, w ; removal 
of bitumen W, i. 38 ; of copper 
matte, i. llZ; dead-roasting in 


lieaps, i. 113, 1 14 ; of copper pyrites, 
for sulphate, i. 213 ; of lead ores, 
i. 324, 326*, 328; of lead matte, i. 
405; of calamine, ii. 21, 22; of 
zino blende, ii, 39 ; of nickeli- 
ferous ores, ii. 616, 519 ; for refining 
coarse niatte, ii. 531 ; of arsenical 
ores, ii. 559, sec Keniel roast- 
ing; »*V” method; normal, 
of copper ores, i. 26, 29 34 ; wm- 
Htruotion of heap, i. 29-31*, 32; 
arrangement for sulphur getting, 

i. 32*, 33 ; degrees of calcination, i. 
33 : consumption of fuel, i. 34 

Hearths, air reduction process for lead- 
extraction in, i. 310-319 
Hebetine, /tfe Willemite 
Hecht, on clay for vessels for zino dis- 
tillation, li. 91 

Hegeler and Matihiesen Zinc Works, 
the, Haas furnaces at, ii. 73 ; gas- 
fired zinc-distillation furnaces at, ii. 
121, 122*, 123*, 129 

Heine, on dead -roasting of copper matte 
in stalls, i. 115 

Helbig copper furnace, nee Hasenclever 
Helmhacker, on i-eduction of antimony 
in reverberatory furnaces, ii. 451, 
460 ; on refining of antimony in re- 
verberatory furnaces, ii. 463, 465 
Hemimorphite, localities of, ii. 14 15 
Hempol, on condensation of zinc vapour, 

ii. 2 ; on the chemical reactions of 
zinc oxide, ii. 6 ; on condensing zinc 
vapours, ii. 185 er aeq. 

Henderson, on production of chloride of 
copper in dry way, i. 220 
Hendrie’s translation of Theophilus, i. 
845n 

Hendy’s Challenge ore feeder, i. 779, 788 
Hennch furnaces, i. 92, 105, 106*, 168, 
169 

Herieus, on spitting of platinum, ii. 614 ; 
on extraction of platinum, ii. 622; 
ana^is of platinum from works of, 

Herapath, his method for purification 
of bismuth, ii. 372 
HerMtz furnace, i. 349, 350*, 351 
Hexing, on extraction of antimony, ii. 
444, 447 ; his volatilising-roasting, 
ii. 449, 464; on the precipitation 
method of antimony i^uotion, ii. 
467, 460; on the refining of anti- 
iTiony, ii. 463 ; his wet method of 
antimony extraction, ii, 467 
Hermann, ms method of nickel ex- 
traction, ii. 576 

Herrmann, on eleotrolysis of zinc ores, ii. 
212, 219 

H4roult, process of aluminium extraction, 
ii. 6&. 647, 664 

Herrenschmidt, on extraction of cobalt, 
ii. 60S ; method of nickel extraction, 
ii. 578 
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Herreshof furnaces, i. 92, 93 ; ‘improved 
water-jacket furnace, i. 92; fcwe- 
hearths of, i. 94, 107, 108*, 109* ; 
used at Nicholson Works, Brooklyn, 

i. 107, 108*, 109*; for smelting 
mckel ores, ii. 523, 528 

Herring, on neutralisation of sulphur 
acids from calcination of zinc blende, 

ii. 59 

Herter, on extraction of nickel from 
slags, ii. 587 

Hess, on extraction of platinum, ii. 623 
Hesse, on tough-poling, i. 191 
Hessian crucibles for mid parting, i. 843, 
852 : extraction m bismuth by fusion 
of ores in, ii. 357 
Hessite, i. 467 

Heumann, on chemical reactions ctf sul- 
phide of mercury, ii. 253 
Heycock, on melting point of silver, i. 
456 n 

High furnaces, for smelting caloiBed 
copper ores, i. 98 

Hilarioii Roux and Co., Marseilles, 
electrolytical method of copper ex- 
traction, i. 260 

Hilgenberg, on comptisition of Harz lead 
after treatment by Pattinson’s pro- 
cess, L 425 

Himly,on composition of refined antimony 
at Wilhelmshaven docks, ii. 467 
Hintzerling, on electrolysis of zinc, ii. 
215 

Hirsch, Aaron, his works at llsenlierg, 
extraction of zinc by electrolysis at, 
ii. 221 

Hirzel, on compositionof refined antimony 
from Hungary, ii. 467 
Rocking’s furnace, for roasting lead ores, 
i. 339 

Hocking-Oxland copper furnace, i. 81, 

Hopfner,on electro-metallurgical methods 
of copper extraction, i. 16, 248, 249, 
256, &7 ; on electrolysis of zinc, ii. 
202, 217, 219; on extraction of 
nickel by electrolysis, ii. 591 
Hoffmann, analysis of British Columbian 
crude platinum, ii. 617 
Hofman, on reduction of magnesia in 
smelting Dead ores, i. 343 n ; on water 
jacket himaces for lead smelting, i. 
360 n ; on casting of refined lead, i. 
453n, 454n, 455ii ; on zinc desilver- 
ising process, i. 530 ; on lic^uation of 
zinc scuuM, i. 535 ; on distillation of 
zinc scums, i. 542 ; on Amenoan fur- 
nace for oupellation of argentiferous 
lead, i. 588n; on stamp mill amal- 
gamation, i. 786 

Hofmann, on patera process, i. 719 
Holibaugh on the Bartlett process, ii. 
286fi 

Hollunder, on Carinthian furnaces for 
zinc distillation, ii. 100 n 


Homestake Mill, Dakota, stamp mills at, 
i. 786 

Horn mercury, see Calomel 
Horn pan, for Washoe pvooess, i. 657, 
658*, 672 

I’HOte, on action of sulphuric acid with 
ure zinc, ii. 5 ; on refining zinc, ii. 

Mowanl, W. A., his amalgamator, i 802 
Howell furnace for silver extraoticii, i. 
81 ; for roarViRg leml ores, i. 889 ; 
for chloridising roasting silver ores, 
i. 684*, 698 

Httttner and Scott furnaces for mercury 
extraotion, ii. 293 e/ mq. 

Hugo Worlm, the, Silesia, Mielchen’s 
nozzles for adapters usecl at, ii. 141, 
142* 

Hungarian Ihmaoe, for copper refining, 
r 176*, 177*. 178 ; used in Augustni 
process, i. 715*, 716* ; for smelting 
nickel ores, ii. 5M*, 566 
Hungarian Mills, gold amalgamation in, 
I. 790 796 

Hunt, Sterry, method of copper extrac- 
tion, i. ^-204 

Hunt and Douglas prouess of utipper 
extraction, i. 202-204, 207 
Hunter, of Philadelphia, on treatment of 
tin cuctings, iu 423 
Huntington, on patio procoss, i. 037 
Huntington Mill for gold amalgamation, 

i. 7V, 774, 775 

Hutchins, on solidification of mercury, 

ii. 260 

Hydraulic mining in California, i. 765 
Hydrocarbons, absorbed by molten 
copper, i. 2 ; action on cuprous 
oxide, i. 7 ; action on cupric oxide, 
if 6 

Hydrochloric acid, a solvent for copper, 
i. 7 ; action on cuprous oxide, i. 8 ; 
action with ferrous chloride on 
cuprous sulphide, i. 11 ; solvent for 
ouprous chloride, i. 12 ; used for 
lixiviation of copper, x. 207 ; action 
on lead, i. 276j on silver, i. 457 ; 
on silver sulphide, i. 460 ; on gold, 

1. 758 ; ou zinc, ii. 5 ; on mercury, 
ii. 251 ; on bismuth, ii. 348 ; used in 
extraction of bismuth, ii. 368 ; 
action on tin, ii. 876 ; us^ in purifi- 
cation of tinstone, ii. 382, 390 ; 
action on antimony, ii. 431 ; on 
nickel, ii. 499; used in extraction 
of nickel, ii. 682 ; action on arsenic, 
ii. 472 ; on cobalt, ii. 597 ; on alu- 
minium, iL 628 

HydrcM^, absorbed by molten copper, i. 

2, 5, 6 ; action on ouprous oxme, i. 
7 ; on cuprio oxide, i. 8 ; on cvpronR 
sulphide, i. 11 ; on silver snl^de, 
i. 468 ; on zinc oxide, ii. 7 ; on zinc 
sulphide, ii. 10 

Hydroundte, localitieB of, ii. 15 

z z 2 
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Llaho Mill, California, auial^mation of 
gold in panH, i. 793 ; with amalga* 
mated plates, i. 797 ; Atwood’s amal- 
gamators at, i. 799 
Idrimine, ii. 255 
Idrialite, ii. 255 

Idrian furnaces, for calcination of cin- 
nabar, ii. 273-276 
Idrian -Hahner furnaces, ii. 315* 
lies, on eomraition of slag from 
American lead smelting works, i, 
340 ; his furnace at Denver, i. 354 
llling^n zinc desilverising process, i. 

Illinois Zinc Co., the, at Peru, Siemen’s 
gas-fired zinc distillation furnaces 
used by, ii. 123, 124* 

Intligo copper, see Covellite 
Inquart ation, or gold-parting by nitric 
acid, i. 851 853 

Iodine, action on bismuth, ii. 348 
lodite, localities of, i. 468 
Iridium, effect on gold, i. 753 ; occur- 
rence of, ii. 616 

Iron, action on copper, i. 3 ; rm silicates 
of copper, i. 9 ; on cuprous sulphi<le, 
i. 11 ; on cupric sulphate, i. 12; on 
cuprous chloride, i. 12; on cupric 
chloride, i. 12, 13 ; reduction in Bes- 
semer process of copper smelting, i. 
21 : treatment of copper ores rich in, 

i. 24, 26, 29 ; process of slagging off 
in smelting calcinecl copper ores, i. 
86 91 ; sinelting of cupriferous pyrites 
in United States, i. 91 ; furnaces 
adapted for smelting copper ores 
with, i. 93 ; precipitation of cop- 
per by, i. 205, 206 ; formation of 
copper sulphate by heating pyrites 
witn nitrate of iron, i. 215 ; used in 
precipitation of copper from its solu- 
tions, i. 241 ef seq, ; action in elec- 
trolysis of copper slimes, i. 262, 
263 ; reactions with lead sulphide, i. 
279; reduction in smelting of lead 
ores, i. 341, 345; in prcxlucts of 
blast-fumace-smelting of lead, i. 
381 ; in various lead ores, i. 386 et 
Heq. ; action of in iron-reduction 
process of learl extraction, i. 394 et 
seq, ; elimination of in refining of 
lead, i 432 et mq. ; action on silver 
Bulphitle, 459 ; rMuction of in gold- 
refining, i. 853 ; present in com- 
mercial zinc, ii. 3 ; action with zinc 
oxide, ii. 8 ; action with zinc sul- 
phide, ii. 10 ; present in zinc blende, 
u. 13 ; extraction of mercury by 
heating with cinnabar, ii. 323-329 : 
effect on tin, ii. 375; separation 
from tin, ii. 303 ; alloys of tin and, 

ii. 407 ; effect on nickel, ii. 497, 
498, 500-503 ; alloys of nickel and, 


ii. 506, 507 ; extraction of nickel 
from ores containing, ii. 511 et seq. ; 
removal from nickel matte, ii. 5w ; 
removal from copper matte, ii. 544 ; 
effect on aluminium, ii. 627, 631 
arsenide of, ii. 476 

nitrate of, action on cuprous sulphide, 
i. 10 

oxides of, reduction of in extraction of 
copper ores by Herman process, i. 
18, 19 ; reduction of in English 
process, i. 20 ; smelting of copper 
ores containing, i. 90 
pyrites, action on cuprous sulphide, i. 
10 

(For compounds of Iron, see snider 
Ferric ; Ferrous) 

Imn-reduction process for lead extrac- 
tion, i. 394 412 ; in the Upper Harz, 
i. 397-404; smelting lead matte, i. 
404 409 ; combined with the roasting 
and carbon reduction process, i. 409 
412 ; combined with smelting of oxi- 
dised ores, i. 412, 413 
Isabella Works, Dillenburg, stall-roast- 
ing of nickcliferons ores at, ii. 518, 
520 ; roasting in shaft furnaces, ii. 
520 ; smelting nickel ores, ii. 525 ef 
seq. ; refining matte at, ii. 539 ef 
seq.t 582 


J 

Jacquelain, on impurities in commercial 
zinc, ii. 4 

Jaezinsky, his furnace for calcination of 
cinnabar wich lime or iron, ii. 328*, 
329* 

James, S. , Jr. , on copper slag produced in 
Heurich furnace at Clifton, Arizona, 
i. 169 

Jamesonite, i. 283 : ii. 437 
Janda, on composition of mercurial soot 
at Idria, li. 330 n, 334 ?<; on acid 
water from the condensers, ii. 336 ; 
on composition of Idrian ores, ii. 337 
Janin, on tne MacArthur-Forrest gold- 
extraction process, i. 828 a, 829 
Jay Gould Mill, Montana, Boss system 
of pan amalgamation at the, i. 796 
Jenkins and Smith, on chemical re- 
actions of lead sulphide, i. 278 n 
Jensch, on sulphur in zinc blende, ii. 34 
Johnson, on thermal conductivity of 
silver, i. 456 ; of gold, i. 752 ; on the 
expansion of zinc by heating, ii. 2 ; 
on thermal conductivity of zinc, ii. 
2 ; of mercury, iL 250 , 

Johnson, Matthey and Ca, Hatton 
Garden, Londem, inquartatiou prac- 
tised by, L 851 ; Australian bismuth 
ores treated by, iL 353 ; extraction 
of arsenic from bismuth by, ii. 370 ; 
antimony reduction by, ii. 457 ; 



GENERAL INDEX 


709 


i*eHned platinum Imm, 

Jordan, on treatment of blicksilber for 
gold, i. 844 n 

JoBsa and Kumakoff on the (iavrilov 
works at Tomsk, i. 484 

Juhel, designer of the Mal4tra fumaoe, 
i. 58 

Julius works, Astfeld, Herzog 

Juliushiitte (in the (geographical 
index) 

JumlK) hearth, used in air reduction 
process of lead extraction, i. 811, 
315, 316^ 318 

Junge, on effect of bismuth on lead, i. 
276, 431 ; on zinc desi]\erising pro* 
cess, i. 529 

Jungk, on aeparation c»f carbon trom 
nickel, ii. 498 

Jurisch, his improved Mah^tra furnace, 
i. 61, 62*, 63* 


K 

Kamienski, method of nickel extraction, 
ii. 577 

Karargahakc Works, New Zealaiul, 
MacArthur-Forrest gold extraction 
process at, i. 840 

Karmarsoh, on the tenacity of cuht zinc, 
ii. 1 

Karsten, on effect of carbon on copper, 
i. 5 ; on action of lead with capri<* 
oxi<le, i. 8 ; on over-poled coppei , 
i. 192; on leading silver matte, i. 
487 ; on copper-dissolving and smelt- 
ing process, i. 495 ; on patio pi’ccess, 

i. 637 ; on specihu ^avity of zinc, 

ii. 1 ; on the impurities in zinc, li. 
2-4 ; on the precipitation metho<l of 
antimony reduction, ii. 457 

Keil, his furnace for zinc distillation, 
ii. 10] : proposal for iiiipixivement 
in zinc extraction, ii. 185 a 
Keith, on lead refining, i. 433; on 
electro-metallurgical iiiethmls of 
silver extraction, i. 75(1 ; on extrac- 
tion of tin by electrolysis, ii. 425, 426 
Keller, Gaylord and Cole, Messrs., copjier 
works at Butte, Montana, i. 63 
Kerargyrite, see Horn Silver 
Kerl, on p^^tes burners for cidoining 
zinc blende, ii. 40 ; on calcination 
of cinnabar with lime or iron with- 
out air, ii. 324 n ; on liquation pots 
for antimony reduction, li. 440 n ; on 
•extraction of arsenic at Reichenstein, 
ii. 479 n; on production of white 
arsenic glaaB,ii. 490a ; on composition 
of nickm mattes, ii. 520 » ; on smelt- 
ing roasted matte, ii. 535 n ; on pro- 
duction of crude nickel, ii. 552, 569 
Kem, analysiB of Nischni-Tagilsk crude 
platinum, ii. 617 


Kernel roasting rff copper ores, i. 28, 
34, 35*- 37* ; objects of, i. 34, 35 ; 
localities practised in, i. 86; ar- 
^n^mentof heap, i. 37* ; piodu<'ts, 

Kiliani, on electrolytical methods of 
copper extraction, i. 261, 204; on 
eleotroKsis of zinc, ii. 199, 200, 201 : 
from aiKaline solutions, ii. 217 : on 
electrolytic extraction or aluniiiHUiiJ, 
ii. 662 

Kilns, difference lietween pyrites burners 
and* i. 45; objects of, i. 49; cx>n- 
stnictioii of, at Freiberg, i. 60*, 
51*; at Oker, 51*, 52; for mast- 
ing lead ores, i. 828, 329 ; for 
heating zinc distillation retorts, ii. 
109, ifo* 

Kingzett, en precipitation of copper, 
i. 206 

Kirchhoff, on manufacture of artificial 
cinnabar, ii. 344 

Kiss, on precipitaticn of gold from 
chloride solution, i. 826 

Kiss process, the, of silver precipitation, 

i. 732, 733 

Kittler, on extraction of zinc by elcoti'o- 
lysis, ii. 219 

Kiellin, Cassel 

Kieeinann, proposal for improvement in 
zinc extraction, li. 185 a 

Kleeniann’s adapters, ii 134, 135* : zinc 
fume from, ii. 184 ; (uulmium ex- 
tracted from flue-dust caught by, ii. 
244, 245 

Klciner-Fiertz, method of electrolytic 
extraction of aluminium, ii. 655 

Knab, on smelting of oxidised and ar'id 
copper ores at Ohessy, i. 167 ; on 
calcination of copper pyrites for sul- 
phate, i. 212, 213 m ; on precipitation 
of Clipper, i. 241 n ; on specific gravity 
of lead, i. 275 ; on materials for 
manufacture of zinc-distillation re- 
torts, ii. 190; on the reductirm of 
antimony in reverberatoi^ furnaces, 

ii. 453 n; pot furnaces, ii. 456; on 
extraction of nickel from roasted 
matte, ii. 585 

Knapp, experiments on action of silica 
with cupric oxide, i. 8 ; on actiim of 
water-vapour on cuprous sulphide, 

i. 11 

Kniest, i. 121 

Knorre, on composition of nickel smelted 
at Altena, li. 504 

Knottenerz, smelted at Mechemioh, i*. 
390 

Knox furnace, for extraction of mercury, 

ii. 289, 290*-208 

-pan, for Washoe prooess, i. 665 , nsed 
in ^Id amalgamation, i. 795 

Knox-fMbome condensers, iL 291, 305 

Knut Styffe, on melting point of nickel, 
ii. 497 ; on nickel smelting at 
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Sudl^u^, ii. 529 n \ on pro«liiotion 
of crude nickel, ii. 552 
Koehler, his furnace with movable work- 
ing ohambeni for calcination of zinc 
blende, ii. 74 (ttee Urttizner) 

Koepp an<l Co., method of antimony 
extraction, ii. 468, 469 
Kollmann, on tensile strength of nickel, 
ii. 496 

Kopp, on specific gravity of mercury, 
li. 250 {nee Reineck’en-Ponsgen &) 
Korting’s injector, used in Hunt-Douglas 
process, i. 208 

Kosmann, on neutralisation of sulphur 
imids from calcination of zinc blonde, 
ii. 55 7», 57 ; on composition of zinc 
fumes from Lipine,'ii. 183 m, 184 m; on 
extraction of cadmium, ii. 247, 24H 
Kriitz-kupfer, or dross copper, i. 180 
Kremnitz United Garoli- and Stadt- 
Mines, Huntington gold-amalgama- 
tion mills used at, i. 776 
Krohnke process of silver extraction, 

i. 620-625 

Krummofen, i. 96, 351, 364 
Ktinzel, G., on impurities in commercial 
zinc, ii. 4 ; on treatment of tin- 
cuttings, ii. 424 : on production of 
crude nickel, ii. 552 ; on separation 
of nickel from cobalt, ii. 602 
Kiistel, on patera process, i. 719 
Kuhlemann, on refining lead, i. 441 ; 
on silver extraction processes at 
Freiberg and Altenau, i. 610 
Kupffer, on melting point of tin, ii. 375 
Kupferauflosimgsschmelzen, i. 495 
Kupferkainme works, Mansfeld, manu- 
facture of sulphuric acid at, i. 155 
Kupfemickel, ii. ofYI 
Kupferschiefer, removal of bitumen from, 
by heap- roasting, i. 38 ; formation 
of tn silicates in smelting of, i. 89 ; 
older furnaces for smelting, i. 97, 
98; process of smelting, at Mans- 
feld, 1 . 110; composition of, i. 154 ; 
desilverisation oi; i. 154, 155 
Kuschel and Hinterhuber’s furnace for 
calcining zinc blende, ii. 51 
Kuss, on the Bustamente furnace, ii. 

268 fi, 272 

L 

La Uranja mine, Zacatecas, patio process 
at, i. 646 

Lama, in patio process, i. 631 
Isimbotte, on treatment of tin-cuttings, 

ii. 424 

1.AmeroB, we Cajetes 
Lampadius, on treatment of blicksilber 
for gold, i. 844 m ; on composition of 
tin slags from Altenberg, ii. 407, 
408 ; on composition of liquation - 
dross from Altenwald, ii. 414; on 
filtration of tin, ii. 416 


Lana philosopbica, ii. 4 
Lancauchez, we Muller 
Landolt and Mallet, on fusibility of 
arsenic, ii. 471 

Landsberg*s patent zinc scum distiller, 

i. 543, 546 

Lang, Berbert, on copper matte smelting,. 
1. 167 

Lange, on electrolysis of zinc, ii. 216 
Langer, on Bustamente furnaces, ii. 273, 
276 M 

Langer furnace, for extraction of mer- 
cury, ii. 286, 287*-289* 

Laroche, his method of nickel extraction, 

ii. 576, 677 

Larofiue, on treatment of tin -cuttings, 
ii. 422 

Larranaga, intro<lucer of Idrian furnace 
into Almadeii, ii. 273 
Laske, on zinc desilverising process at 
FriedricliBhiitto, i. 5^ 

Laszlo amalgamators, the, i. 790, 792* 
Laur, on Krtthnke process, i. 621 ; on 
the patio process, i. 6,%1 n, 635 m, 637, 
646 

Lavadcro, the, in patio process, i. 643, 
644* 

Leaching, of copper solutions, i. 208;: 
after calcination of copper pyrites 
for sulphate, i. 213-215; for chloride, 
i. 228*, 229, 230 ; in solution of 
copper as chloride, i. 237, 238 ; pre- 
paratory to electrolysis, i. 251 
Lea<i, usetl in displacement of gases fronr 
copper, i. 2; melted witn copper, 
1. 3 ; action with cupric oxide, i. 8 ; 
action with cuprous sulphide, i. 11 
in copper ores, i. 24, 26 ; in Ram- 
melsberg ores, i. 45, 156, 157 ; reduc- 
tion of, in smelting calcined copper 
ores, i. 87 ; Pilz furnaces for smelting, 
i. 98 ; contained in kupferschiefer. 
i. 155 ; action in electrolysis of coji- 
per slimes, i. 262, 263 
Iihysical properties, i. 275; chemical 
properties, i. 276; chemical reac- 
tions of compounds, i. 276-281 ; 
alloys, i. 281 ; ores i. 281 283 ; 
production of metallic lead, i. 283, 
^4 ; extraction from ores, i. 284-494 
extraction from Galena, i. 284-404, 
wi under (valena 

air-reduction process, i. 286-319 ; col- 
lecting the products for paint, i. 
314, 318 

lOBsting and carbon reduction process,, 
i. 319-394 ; smelting calcine<l ores, 
i. 389-394; lead ores of Freiberg,, 
i. 386-389 

iron reiluction process, i. 394-409 ; 
combined roasting and reduction, 
and iron reduction processes, i. 409- 
411 ; combined iron reduction pro- 
cess and smelting of oxidised ores, 
i, 412-416 
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Lead — continvtd 

smelting of lead sulphate, i. 416-418 ; 
of plumbiferouB metallurgical pro- 
ducts, i. 418-422 ; of bye-products, 
i. 422-430. 

refining of lead, i. 430-453. 

casting of refined lead, i. 453-455; 
composition of refined American 
market lead, i. 455. 

action on silver sulphide, i. 450 ; alloy 
of silver and, i. 464; baths, for 
production of silver-lead allcw, i. 
473 ; production of silver-lead-zinc 
alloy, i. 522 tt Mq, 

production of silver by means of, m 
under work -lead 


effect on gold, i. 753-755; alloyed 
with gold for dry extraction, i. 768 : 
reduction of in gold^refinin^ i. 855 
present in commercial zinc, ii. 8 ; 
action with zinc, ii. 5 ; action with 
zinc sulphide, ii. 10, 11 ; alloy of 
zinc and, ii. 12 ; eleetrolysis of 
silver-lead alloys, ii. 221 ; prepara 
tion of the mixture of sulfate 
and oxide of lead and oxide of zinc, 
ii. 235-237 

action with bismuth, ii. .348, 349 : 
alloys of biamuth and, ii. 351,352; 
treatment of alloys with bisiiiuth, 
ii. 365 ; by electrolysis, ii. 365-368 ; 
extraction of, from crude bismuth, 
ii. 372 

effect on tin, ii. 375 ; leml from Frei- 
l>erg, containing tin, ii. 419; allots 
of antimony and, ii. 436, 437 ^ 

Lead antimoniate, chemical reactions of, 
i. 281 

-ashes, treatment of, i. 430 
black-lead ore, i. 282 
carbonate, chemical reactiona of, i. 
280 ; extraction of lead from, i. 284 ; 
smelting of, i. 413-416 
chloride, chemical reactions of, i. 281 
-matte, composition of, from blast 
furnace process, i. 381, .382 ; treat- 
ment of, i. 383-385 ; composition of, 
at Clausthal and Lautentnal, i. 403, 
407 ef 8fq, ; smelting of, i. 404-409 ; 
composition of at Alexisliad, i. 
410, 411 ; smelting of, i. 42i), 421 
monoxide, chemical reactions of, i. 
276, 277 ; reduction of in smelting 
calcinetl lead ores, i. 340; smelting 
of oxidised ores, i. 412, 418 
oxide, action on cuprous oxide, i. 7 ; 
action on cupric oxide, i. 8 ; action 
of cuprous sulphide, i. 10 ; reduction 
of in zinc distillation, ii. 86 


i-ed-, i. 277 , . oon 

silicate, chemical reactions of, i. 

281 : reduction in smelting calcined 


lead ores, i. 340 

slags, from smelting lead ores, com- 
position of various, i. 344-348 ; 


treatment of, in smelting process, i. 
378 ef Hfq . ; composition of, from 
blast furnace process, i. 381, ^2 ; 
from Langelahmm and Closlar, i. 386 ; 
composition of, from Laubeiithal and 
Clausthal, i. 404, 407 et «eq, ; smelt- 
ing of, i. 420, 421 

-speiss, produceil in lead 01*0 smelting, 
1 . 881, 889 

sulphate, chemical reactions of, i. 280 ; 
composition and looalities of, i. 283; 
extraction 08 Mad from, i. 284, 322 ; 
smelting of, i. 416- 418 ; reduction of, 
in zinc distillation, Ii 87 

sulphide, chemical reactions, i. 277- 
^ ; radnortion of, in smelting 
eiheil lead ores. 1 . 340, 341 
Lead, Work-, i. 285 ; from Alexisbad, 
compoeMioii of, i. 410, 411 ; con- 
centration of silver in, i. 422 ; pro- 
duction of, from ores, i. 471-485; 
from rich silver ores, i. 472-474; 
method of leading in crucibles, i. 
473; production of silver-lead alloy 
in lead baths, i. 473, 474 ; from ores 
of medium silver percentage, i. 474- 
480 ; from poor silver ores, i. 480 
485 ; from metallurgical bye-products, 
i. 485-502 ; leading of mattes, i. 485 
489 ; smelting of mattes with mate- 
rials containing lead, i. 489 495; 
desilverising mattes by means of leacl 
and copper conjointly, i. 495 ; pro- 
duction of work -lead from speiss, 
i. 495, 496 ; desilverisation of allt^s 
by lead, i. 496 ; liquation process for 
desilverising copper-silver alloys, i. 
497-502; production of work-lead 
fi*oni other metallurgical products, 
i. 502 

concentration of silver in, i. 502 ef 
M q. ; I’attinson processes, i. 503- 514 ; 
Rozan process, l 514-519 ; desilver- 
ising by means of zinc, i. 519-522 ; 
production of silver-leafi -zinc alloy, 
1 . 522 et Hvq. ; desilverising process, 
i. 528-533 ; liquation of zme scums, 
i. 533- 538 ; treatment of desilverised 
lead, i. 538, 639 ; production of rich 
lead from zinc alloy, i. 539 et neq. ; 
distillation of zinc scums, i. 540-548 ; 
smelting rich scums, i. 548, 549 ; 
cupellnnon of zinc scums, i. 549 ; 
oxidation of zinc by steam, i. 550- 
552; lixiviation of zinc oxides, i. 
552, 553 ; extraction of zinc oxides, 
i. 523-561 ; combined Pattinson and 
zinc desilverising processes, i. 561 i 
production of zinc-silver alloy from 
work-lead, i. 561-566 

cupellation of argentiferous lead, i. 
566-568 ; in <4erman furnace, i. 

583 ; without additions of lead ,i. 583 - 
585 ; with additions of lea<1, i. 585, 
586 ; in English furnace, i. 686-595 
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refining of blickBilber, i. 596 001 ; ex- 
traction of silver by conversion into 
a silver-lead alloy, i. 601 ef 6eq, 
Leadingr^of rich silver ores in crucibles, 
i. ; of silver mattes, i. 485 493 ; 
of argentiferous copper, i. 407» 408 
Leblanc soda works, treatment of resi- 
dues in precipitation of copper, i. 
209 ; nickel extraction at, ii. 579 
Ledebur, on alloys of tin and copper, i. 

3 ; on melting point of bismuth, ii. 
347 ; on britannia-metal, ii. 436 ; 
on effect of oxygen on nickel, ii. 498 
Loderer and Nesseny, manufacturers of 
the Mitter condenser, ii. 321 
Ijehigh Zinc and Iron Co., the, Pa., heap- 
roasting of zinc blende by, ii. 39; 
extraction of zinc white by, li. 226 
Leibius, on gold-parting by chlorine gas, 

i. 850 

Leichsenring, on filiitition of tin, ii. 416 
von Leithner, designer of Idrian furnace, 

ii. 273 

Lenz, on Russell process, i. 734 
Leob, on furnace for calcining zinc 
blende, ii. 47a 

Leopold’s furnaces, ii. 273, 274,* 275* 

Le Flay, on Welsh process of copper 
smelting, i. 138, 139 ; on smelting 
coarse metal for v*hite metal, i. 140, 
141 ; on composition of coarse copiier, 

i. 146 ; on composition of moss 
copper, i. 149 

Lesoinne, proposal for improvement in 
zinc extraction, ii. 185 
Letrango, on electrolysis of zinc, ii. 198, 
210 e( ieq. 

Leucopyrite, ii. 476, 477> 481 
Levat, on oxidation of coarse nickel 
matte, ii. 537 n ; on refining nickel 
matte, ii. 5429} ; on pro<liiction of 
copper-nickel alloys, li. 545, 546 ; 
on production of crude nickel, ii. 552 
Lichtenberg, on alloys of bismuth, ii. 
351 

Liebig, on manufacture of artificial 
cinnabar, ii. 344 ; on the precipita- 
tion method of antimony reduction, 

ii. 457 

Liebig and Eichlioi'n furnace, for rinc 
calcinations, i. 85 ; for calcination 
of zinc blende, ii. 63, 04*, 65 
Li^ge furnace, the, ii. 112, 113*, 114*, 127 
von Lill, on composition of crude tin 
from Schlaggenwald, ii. 406 ; com- 
position of BiUkg from Schlaggenwald, 
li. 412 

Linnacite, ii. 599 

Lime, action on cuprous chloride, i. 12 ; 
on cupric chloride, i. 13; reduction 
in calcination of copper pyrites, 1. 
26 ; effect of, in smelting calcined 
copper ores, i. 90; milk of, for 
precipitation of copper, i. 209 ; 
action in smelting calcined lead 


ores, i. 341, 343, 345, 346; action in 
iron-reduction process of lead ex- 
traction, i. 395; action with zinc 
sulphide, ii. 11 ; with zinc sili- 
cate, ii. 11 ; reduction of, in zinc 
distillation, ii. 87 ; action with mer- 

r ‘c sulphide, ii. 253; extraction 
mercury by heating cinnabar 
with, ii. 323-329 

Lindemann, on electrolysis of zinc, ii. 
207, 212 et wq. 

IJpowitz, on effect of cadmium on alloys, 
ii. 241 9/ ; on alloys of bismuth, ii. 
351 

LiquationjKits^r reduction of antimony , 

Litharge, chemical reactions of, i. 277 ; 
smelting of, i. 423-425 ; gold-parting 
by Hulpliiir and, i. 844, 845 ; fusion 
of zinc with, ii. 5; extraction of 
bismuth from, ii. 362, 363 
Livermore furnaces, for extraction of 
mercury, ii. 303, 304*, 305 
Livingstone, on composition of slag from 
American lead smelting works, i. 
346 

Lrtdlingite, ii. 476 

Liiwe, on compositions of various pure 
tins, 417 n 

Lone Elm Mining and Smelting Co.'s 
Works, Joplin, Jumbo furnace at, 
i. 318 

Lone Pine Mine, Montana, combination 
process of silver extraction at, i. 
674 

].iong-bodded calciiier, wp Fortschanfe- 
lungHofen 

Longmaid, on production of chloride of 
Cfmi>er in dry way, i. 220 
Long Tom gold u asher, i. 760, 761 
Lorenz, his mollification of tlie Silesian 
gas furnace, ii. 152-154* ; on electro- 
lysis of zinc, ii. 225 

Los^n, C., on extraction of gold 1>y 
bromine, i. 827 

Lost Ledge Mine, the, in (’alifomia, 
refort fnrnaoes for mercury ex- 
traction used at, ii. 322 
Louis, H., on action of mercury on gold, 
i. 755 91 ; on Berdan pans, i. 796 ; on 
Coxnish tin-smelting furnaces, ii. 
395 91 ; on silicate of tin, ii. 400 9t ; on 
Chinese tin-smelting furnaces, ii. 
40391 

Louyet’s process, iii nickel extraction, 
ii. 576 

Lower Harz furnace, the old, i. 364*, 365* ; 

the modem, 369, 370, 371*-374* 

Low furnaces, for smelting calcined 
copper ores, i. 98 

Luckow, on electrolysis of zinc, ii. 198, 
210 tt 9pq, 

Ludwig, on production of smalt, ii. 609 ; 
his anafysis of smalts, ii. 612 ; aee 
under Classen and Ludwig 
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Luteocobaltous chloride, ii. .198 
Lundbors, on separation of nickel ainl 
cobalt, ii. 602 

Lunge, his English pyrites burners, i. 
47, 48*, 49* ; on Hjisenclever-Helbig 
funiaue, i.68; on MacDougall furnace, 

i. 06 ; on precipitation of coj^r, i. 
206, 209 ; on production of chloride 
of cop]^ in dry way, i. 221 , 2.70 n ; on 
precipitation of oopper from chloride, 
1 . 248 n ; on manutMtui'e, from sine 
blende calcination proilucts, of sul- 
phur dioxide, ii. 77 m ; on preparation 
of tin chloride, ii. 42^ n 

Lynch, his test for cupeUatioii process 
of argentiferous lead, 690* 

Lynch furnace, the, for eupellation 
process, 690*, 694 

Lynen, on condensation of sine vapour, 

ii. 2 ; on cost of xiiic diatillation m 
Bel^-Silesian fumat'es, ii. 106 ; hi'- 
condenser, ii. 198*, 194 


M 

Mac Arthur, ineth<Ml of oopuor heap 
roasting, i. 84* ; on liis gold-extrac- 
tion process, i. 828 829 

Ma^rthur-Forrest process of gold ex 
traction, i. 828 8.79 ; solution of the 
gold, i. 829 884 ; precipitation of the 
gold, i. 834 837 ; treatment of pre 
cipitated gold, i. 837 839 ; results, 

i. 840, 841 

^IcCoiio pan, for Washoe process, i. 0.>8, 
660* 

MacDougall copper furnace, ilisposition 
of ores in, i. .’>2, 66, 68*, 67 : differ- 
ences between Haas funiace and, ii. 
71 

Maofarlane, his inethcnl of nickel extrac- 
tion, ii. 675 

McKillop and Ellis, on tin smelting in 
the Straits SettleinentM, ii. .799 n, 
400 m 

Moclaurin, on the action of oxygen on 
gold, i. 830 

Magmiss Mine, Montana, combination 
process of silver extraction at, i. 
674 

Magistral, in patio process, i. 6.72 

Magnesia, reduction in smelting lead 
ores, i. 343 ; reiiuction of, in zinc dis- 
tillation, ii. 88 ; for zinc flistillation 
vessels, ii. 194; extraction of zinc 
by, ii. 197 ; electrolysis of zinc with, 

ii. 216, 216 

Magnesium, chloride of, action on cuprous 
sulphide, i. 10; effect of, in smelting 
calcined copper ores, i. 90 

Magnetite, ii. 608 

Mahler, on calcining zinc blende, ii. 40 n, 
48 n; on Hasenolever-Helbig fur- 
naces, ii. 62 » 


Maire, dean, on maiiiifaoture of artificial 
cinnabar, ii. 344 

Malachite, its localities, etc., i. 13 
Mali^tra furnace for copper extraction, 
disposition of the ores, h 62, 68, 69*- 
61* ; ^haffheFs imngfved, 69*-61 ; 
Jiirisclrs improvetLlT, 62*, 63* ; for 
silver ores of ZaJMna, i. 482 
Mali'dra Chemical 0b., the, niethcxl of 
nickel extraeMon adopteil by, ii. J78 ; 
Hiethcxl of eoHslt extraction adopteil 
by, ii. 093 

Mallei, on solidification of mercury, ii. 
260 

Maltman’s mine. C'alifomia, chlorination 
of gold ore at, i. 812 
Maugn, in patio pren'ess, i. 046 
Manganese, as a puriHer of nickel, ii. 696 ; 
oxide oft reituction of in zinc distil- 
lation, ii. 86 

Manh^Ss, his converters, i. 109* ; and 
David, their convert^, 1 . 161*, 162 ; 
on nickel refining, ii. 696 
Mausfeld Company, mines of the, i. 38 
Maroband and Ndieerer, on specific gi‘a- 
\ity of coi))>er i. 1 

Marchese, metruKl for extractiem of oopper 
from matte by electrolysis, i. &57, 
2.78*, 269*, 269 

Marsao Mills, Utah trealment of silver 
sulphide at, i. 732 ; RiihhcJI Tirucess, 
1. 737 

Marsh, W., on extraction of zinc by dry 
and wet method, ii. 197 
Martens, on manufacture of artificial 
oinnaliar, ii. 344 

Martin process, the, in iiiamifautiire of 
ferro nickel, ii. 697 

Marx, on furnaces usetl at Moiiteimni 
mines, iL S9n 

Mason, on inqiiartation, i. 862 
Massart, on double furnaces for zinc-dis- 
tillation, ii. 118/f (117*, 118*), 127 m ; 
on treatment of furnace products, 
ii. 174, 176 

Matthev, on lead-bismuth alloys, li. 
3.72 V ; on extraction of arsenic from 
crude bismuth, ii. .779 h; on extra<‘- 
tion of platinunu ii. 023 
Matthiesen, on spline mvit]^ of silver, i. 
466; on electric conductivity of silver, 
i. 456 ; of gold, i. 753 ; on specific 
gravity of »iic, ii. 1 ; on the electric 
conductivity of zinc, ii. 2 ; of mer- 
cury, ii. 269 ; of bismuth, ii. 347 : 
of tin, ii. 376; of antimony, ii. 
431 

Matthiesen-Hegder works, nee Hegeler- 
Matthiesen works 
Massicot, i, 277 

Mean’ process of gold chlorination, i. 
816 

Medina, Bartolom4 de, discoverer of the 
Patio process, i. 626 

M^hu, on purification of bismuth from 
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arsenic, ii. 370 ; from sulphur, ii. 
372 

Meissonier, discovered nickel in Spain, 
ii. 509 

Melaoonite, its localities, i. 13 

Melanglanz, see Stephanite. 

Melsens, on tranmrenoy of mercury, ii. 
250 ; on antlAates to poisoning from 
mercniy vapour^ ii. 263 

Mendipite, i. 283 

Mentzel, on impurities in commercial 
zinc, ii. 3 

Menzler, on leading of silver matte, i. 
487 

Mercur mines, Utah, Mac Arthur- Forrest 
gold-extraction process, i. 837, 841 

Mercury, action on silver arseniate and 
antimoniate, i. 463 ; alloy of silver 
and, i. 463 ; action of, in amalgama- 
tion process of silver extraction, i. 
611 et sea. ; amalgamation with a 
soluble salt of, i. 702, 703 ; effect on 
gold, i. 765 (see under Amalgama- 
tion) ; mercury reservoir in the Craw- 
ford mills, i. 776, 777* 
physical properties, ii. 250, 251 ; 
chemical properties of, and of com- 
pounds, li. 261 254 ; alloys and 
amalgams, ii. 254 ; ores, ii. 254-259 ; 
furnace products, ii. 259 
extraction of, in the dry way, ii. 250 
342 

by heating cinnabar in the air, ii. 261 
322 ; poisonous qualities of mercury 
vapour, ii. 263 ; heap-roasting, ii. 
264 ; oondensing appliances, ii. 265 
267 

extraction in sliaft furnaces, i. 267- 
309 ; in internally fired furnaces, 
ii. 268 ; in Bustainente or aludel 
furnace, li. 268, 269-273 ; in Idrian 
furnace, ii. 273-276; in externally 
fired furnaces, ii. 277 - 278 ; in 
shaft-fired continuously, ii. 278 ; 
furnaces for lump ores, ii. 279-293 ; 
Exeli fitmace, ii. 279-286 ; Langer 

• furnace, ii. 286-289 ; Knox furnace, 
ii. 280-293; furnaces for ore fines, 
ii 293’ .309 ; Hfittner and Scott fur- 
nace, ii. 2(^; Granzita furnace, ii. 
293-301 ; Tierras furnaces, ii. 301 
303 ; Livermore furnaces, ii. 303 
305 ; Czennak furnaces, ii. 305-309 
extraction in reverlieratory furnaces, 
ii. 309-315 ; in iron-clod rever- 
beratory furnaces, ii. 311-315 ; in 
shaft furnaces proper, ii. 315-321 ; 
in retort furnaces, li 321-322 
by heating cinnabar with lime or iron 
in absence of air, ii. 323-329 ; pro- 
ducts of extraction, ii. 329-336; 
soot, ii. 329-332 ; treatment of soot, 
ii. 332-336 ; general arrangement of 
mercury works. ii. 336-341 ; composi- 
tion of ores at Idria, ii. 336, 337 ; 


extraction of mercury from mercuria 
fahlores, ii. 341. 342 ; from metal 
lurgioal products, ii. 342 
extraction in wet way, ii. 342, 343 
extraction by electrolysis, ii. 343-344 
manufacture of artificial cinnabar, ii 
344-346 ; effect of aluminium on, ii 
632 

Mercury black, we Soot, mercurial 
Mercurial fahlore, see Fahlore 
Mercuric chloride, chemical reactions of, 
ii. 252 ; oxide, chemical reactions of, 
251, 252; sulphide, chemical re 
actions of, ii. 252-234 
Meredith’s works, California, chlorina 
tion at, i. 815 

Mer^^ on volatility of mercury, ii. 

Metastannic acid, properties of, ii. 377 
Mexican bell, 7(^*, 704 
Miarg^yrite, localities of, i. 466 ; ii. 437 
Michell, hispniposed method for removal 
of tungsten from roasted tinstone, ii. 
391 

Mielchen’s nozzle, ii. 141, 142* 

Miest, see Bias 

Miller process of gold-parting, i. 847- 
850 

Millerite, see Nickel Pyrites 
Millon, on volatility of mercury, ii. 250 
Mimetesite, i. 283 

** Mineral,” in treatment of Lake-copper, 

i. 196 

Minet, on extraction of tin by electro- 
lysis, ii. 426 ; his rlectrolytical 
method of aluminium extraction, ii, 
654 655 

Mispickel, ii. 475, 481 
Missouri mine, the, at Pine flat, retort 
furnaces fur mercury extraction used 
at, ii. 822 

Missouri Zinc Co., the 8t. Louis, zinc- 
distillation furnaces at, ii. 129, 130 
Mitscherlich, on specific gravity of arti- 
ficial cinnabar, ii. 253 ; on the re- 
fining of anthnony, ii. 462 
Milter, on heap and stall-roosting of 
cinnabar, ii. 264 ; on Idrian furnaces, 

ii. 273 h; on Crormak furnaces, ii* 
309 n ; his condensers, used with the 
Novok-Czerniak furnaces, ii. 321 ; 
on composition of residues at Idria, 
ii. 335 n ; on extraction of meroury at 
Idria, ii. 340, 341 

** Mixed ” ores, calcined in Oker kilns, i. 
51* 

Moebius, his process, for parting gold and 
silver, i. 268; on parting of gold 
by electrolysis, i. 874 
Moffet heorthr see Jumbo nearth 
Moisaan, on aluminium carbide, ii. 681 
Moldenhauer, on action of oxygen on 
gold, i. 830 

Molloy, on the MaoArthur and Forrest 
gedd extraction process, i. 828 n, 838 
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on electro-metallurgical extraction 
of ^Id, i. 482 

Molybdenum, effeot on tin, ii. 87S 

Mond, his proposala for extraction of 
nickel, ii. 578 

Monnier, on calcination of copper pyrites 
for the aulpliete, i. 218~2l5 

Afontalvo, Luis Berriode, on the patio 
process, i. 825 

.Montana Co., Ltd., the, at Marysville, 
combination process of silver extrac- 
tion at, i. 074 

Montefiore fiiinaces, melting of zinc fume 
out of, ii. 175,* 170 

Moresonite, ii. 508 

Mor^m's patent pliunbago crucibles, i. 


Morin, on extraction of tin by eleotT'O- 
lysis, ii. 426 

Mortars of stamp mills, i. 778*, 779* ; 

K id amalgamation in, i 789, 790 
>m. on compositkm of Bertka 
srolter, ii. 188 if 

Moulds, for costing copper, i. 192 1 for 
casting refined lead, i. 454, 455* 
^loulin and Dole, on treatment of tin- 
cuttings, 422, 423 

Mrazek, on extraction of bismuth from 
alloys, ii. 364, 365, 372 
Miinster, on argentiferous copper matte, 
j. 118, 119 

MuiHe furnaces, for calcination of coppei 
ores, i. 28, 83-86; calcination of 
copper matte in, i. 113, 116; for 
prmuction of copper chloride, i. 233, 
214*, 285; lead <ires roasted in, i. 
329 

calcination of zinc blende in com- 
bined reverberatory and, ii. 59- 
03 ; calcination of zinc blende in, ii. 
63-74 ; with hand rabbling, ii. 63- 
71 ; with machine rabbling, ii. 71 
74 ; utilisation of products of calci- 
nation in, ii. 75-84 ; for zinc distilla- 
tion, ii. 94, 95*-101* ; <#npored with 
retorts, for zinc distillation, ii. 103 
105; zinc distillatibn in muffles, ii. 
180-178 (sec under Zinc) ; for zinc 
distillation, construction of, ii. 130- 
133; condensers for, ii. 188-1^; 
furnaces, ii. 143 et Meg. ; loss of zinc 
by distillation in, ii. 170-172; cost 
of distillation in, ii. 173 
ti'eatment of cadmium in, ii. 245 ; for 
extraction of crude arsenious oxide, 
ii. 481, 486 ; for refining coarse nickel 
matte, ii. 5^ ; for roasting arsenical 
ores, ii. 559 

Muir, on treatment of tin-outtings, ii. 
422 

Mnlden works, at Freiberg, furnace for 
calcining lead ores at, i. 384, 335*, 
388; composition of slags from, i. 
847; Klz furnaces at, i. 852-855; 
smelting lead ore at, i. 886-389; 


zinc desilverising process at, i. 532 ; 
Fattinsoii and zinc desilverising pro- 
cesses combined, i. 561 
Muller and Lancanchez, proposal for im- 
provement in zinc extraaiion, ii, IMtt 
Mullenis, on treatment of tin*otittings, 
ii, 428n 

Munktell's process of gold chlorination, 

i. 815 

Murray, on composition of slag from 
American le^Usmelting wc»rks, i. 
346 

Muspratt-Kerl, on extraction of cobalt 
oxide, ii, 601 

Myliua, on oxidation of alnminnim, ii. 
028 

Mylins and Fromm, on eleotroU^sis of 
zinc, ii. 9U2, 2(4 

Naef, on extfietion of tin by electrolysis, 

ii. 427 

Nagyagite, i. 758 

Nannsen, on electrolysis of zinc, ii. 2(10, 
201, 204, 209 ef wg, 

Napier, on composition of pimjple metal, 
i. 148 ; of blue metal, 1 . 149 ; of mewH 
coj^^er, i. 140 ; on volatility of gold, 

Xas de (iillei mine at Raux, coinposiiioi? 

of aluminium from, ii, 633 
National works, the (.'hioago, lead refin- 
ing at, i. 4^ ; desilverising by zinr 
method, i. 524, 533; liquation of 
zinc scums, i. 538 
Neoopyrites, ii. 508 

Neeb, on tin-smelting in Banca, ii. 410 
Needleore, ii. 352 

Netto, his process of aluminium extrac- 
tion, ii. 642 

Neville, on melting-point of silver, i. 
4507/ 

Newl^ery's process of gold chlorination,. 

i. 816 

Now Jersey Zinc and Iron Co., the, ex- 
traction of zinc white b}*, ii. 220^ 
232 

New Primrose Mine, Transvaal, Mac- 
Arthnr-Forrest gold-extraction pro- 
cess at, i. 888 

Newton, on alloys of bismuth, ii, 351 
Nicholson Works, Brooklyn, Mac- 
Dougall furnace in use at, i. 67 ; 
converters used at, i. 166 
Nickel, in copper ore at Mfihlliach, i. 
124 ; in copper refining, i. 173, 174,. 
180, 195; action on copper, i. 4; 
action in electrolysis of copper- 
slimes, i. 261, 202; in speiss from 
lead smelting, i. 389 
physical properties, ii. 496 - 498; 
chemical properties, ii. 499 ; chemi- 
cal reactions of oompounds, ii. 
499-500 ; uses for, ii. 506 ; alloys, 

ii. 506, 507 ; ores, and their locali- 
ties, ii. 507-510 

EXTRAcmON OF, IK THE DRY WAY, ii- 
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510-573; from oroR, ii. oil, 570 ; from 
Holphiir oonmimds, ii. 511-554 ; 
conversion ot the ore into coarse 
matte, ii. 515-529 ; roasting the 
ore, ii. 515 529; smelting the 
roasted ore, ii. 5!^ -520; refining 
coarse matte, ii. 5.30 544 ; conver- 
sion into fine matte, ii. 530-544 ; 
concentration of poor matte, ii. 531- 
537 ; refining concentrated matte, ii. 
5.38-544 ; conversion of nickel-cop- 
per matte into copper-nickel alloys, 
ii. 544-548 ; production of nickel 
matte free from copper, ii. 549-551 ; 
pi>oductioii of crude nickel, ii. 551 
554 ; extraction of nickel from sili- 
cates, ii. 5.54-556 ; from arsenical 
ores, ii. .556-570 ; conversion of ore 
into coarse speiss, ii. 557-'563 ; pi*o- 
duction of refined nickel speiss, ii. 
563 568 ; production of raw nickel, 
ii. 568- 570 ; extraction from metal- 
lurgical products, ii. 570-573 ; new 
proposals for extraction in dry way, 
li. 573 

Extraction in wet way, ii. 574- 
.■>88 ; <lirect from ores, ii. .574 
•>79 ; from smelting products, ii. 
580-588 ; extraction from matte, 
ii. 580-585 ; from speiss, ii. 585 
587 ; from slags, ii. 587, 588 

Extraction by ei.ectrolvsis, ii. .388- 
.392 

refining of nickel, ii. .392, .396 ; separa- 
tion of, from cobalt, ii. 601, 602; 
effect on aluminium, ii. 627, 631 
Nickel Co., at Iserlohn, extraction of 
nickel hxnn garnierite at, ii. 5.35 
Nickel antimony glance, ii. .308 ; arsenic 
glance, ii. .308 ; white arsenical-, ii. 
476 : red arsenical-, ii. 476 ; bhann, 
see' Annabergite ; carlionyl, properties 
of, ii. 506 ; inonosulphide, cliomicAl 
properties, ii. 500 .303 ; ochre, 
Aiiiiabergite ; pyrites, ii. 500. 508 ; 
silicate, chemical properties of, ii. 
*305, 506 ; steel, amount of iron in, 
ii. 497, 498, 507 ; sulphate, cheinioal 
properties of, ii. 505 ; vitriol, are* 
Moresonite ; white-ore, net' Ohloaii- 
thito. 

Nickelic oxide, chemical properties, ii. 
500 

Nickelous chloride, chemical proMrties, 
ii. 505 ; hydrate, chemical pro- 
perties, ii. 5lX) ; oxide, chemical pro- 
perties and reactions, ii. 499, 500 
NieaerlAnder, on production of cadmium 
sulphide, ii. 242 

Nieder^lagsarbeit, see Iron-reduction 
process 

Nitre, action with zinc sulphide, ii. 11 
Nitric acid, a solvent for copper, i. 7 ; 
action on cuprous oxide, i. 8 ; on sil- 
ver, j. 457 ; on silver sulphide, i. 


460 ; on gold, i. 7*33 ; gold-parting 
by, i. 851-853 ; action on zinc, ii. 5 ; 
action on mercury, ii. 251, *2IS2 ; on 
mercuric sulphide, ii. 253 ; on bis- 
muth, ii. 348 ; extraction of bismuth 
bv means of, ii. 365, 372 ; action on 
tin, ii. 376 ; on antimony, ii. 431 ; 
on arsenic, ii. 472; on cobalt, ii. 
497 ; on almninium, ii. 628 ; on 
nickel, ii. 499 

Nitric peroxide, collected in English py- 
rites burners, i. 48 
NoUner, on tin -iron alloys, ii. 4<)7 
Northern llelle Mill, Nevada, Stetefeldt 
furnaces at, i. 687 

North German Refinery, ibe, sepaiation 
of gold from platinum, i. 6f^ 
Nouvellc Montagne Works, the, at 
Prayon, double furnaces for ziiic- 
disT, illation at, ii. 1 18*, 127 ; treatment 
of furnace proilucts, ii. 174, 175 
Novak, modification of the Czermak fur- 
nace for mercury extraction, ii. .305, 
318*, .320*, 321 

Nozzles, for zinc-distillation adapters, 
ii. 1.39-143 

O 

Gehmo, on the volatilising roasting of 
antimony, ii. 449 
Ofenbruch, i. 320 

O’Harra furnace for copper extraction, i. 
72, 73* ; Brown- Allen improvements, 
73*, 74*, 75 ; used at Argo works, 
Colorado, i. 153 ; for lead ore roast- 
ing at Denver, Colorado, i. .3,38 ; for 
ualcination of gold ores, i. 808 ; for 
burning calamine, ii. 29 ; for calcin- 
ing zinc blende, ii. 50 
O’Harra-Brown furnace, the, used in 
leading silver matte, i. 488 ; in 
ohloridising roasting silver ores, i. 

' 683 

Ohl, on rofinlM of blicksillier, i. 596 
Old Globe Imne, Arizona, process of 
smelting, i. 168 

OUivier and Perret, copper furnace, 
disposition of the ores, i. 52, 57, 58* 
Omaha and Grant Smelting Works, Den- 
ver, furnaces for roasting lead ores 
at, i. 334-336, 337*, 338 ; rectangular 
smelting furnaces at, 354, 376, 377 ; 
lead slag at, i. 380 ; treatment of 
leail matte, i. ,383, 384 ; lead smelt- 
ing at, i. 392, 393 ; lead refining at, 
i. 452, 453 ; desilverising by zinc 
method, i. 524 
Onofrite, ii. 259 

Ontario Mill, Utah, Stelefeldt furnace 
at, i. 687 

Ores, see under the names of the various 
metals 

Ore-fines, copper, calcination io shaft- 
fumaoes, i. 52 
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Ore Knob copper, aualyais of, i* 118 
Orford Copper Co., the. New JerBey 
furnaces for l^smelting calcined cop- 
per ore at, i. 104*, 105* ; process of 
smelting, i. 110; production of refined 
nickel matte bv, ii. 550 ; production 
of crude nickel by, ii. 5^ 

Orford furnaces, i. fla, 93, 104*, 105* ; 
fore-hearths of, i. 94; process of 
smelting in, i. 110; for refining, i. 


Orpinient, ii. 476 : proflnction of, ii. 493, 
494 


Oser, on composition of mercurial 8<M>t 
at Idria, ii. 3^) 

Osmium, efEwt on gold, i. 758 ; localities 
of, ii. 616 

Oudemans, on impurities in commercial 
zinc, ii. 3 

Oxford Nickel and Capper (’ompany, i. 
45 


Oxidation of zinc scums by steam, i. 580- 
552 


Oxland, on cementation, i. 846 
Oxland furnace for copper extrac.tion, i. 
81, 127 {sef Hocking); for roasting 
lead ores, i. 339 ; for burning cala- 
mine, ii. 30* ; for purification of 
roasi^ tin-stone, ii. 390, 391* 
Oxland’s rotating cylinder furnace for 
extraction of arsenic, ii. 482, 483, 
487 

Oxland-Hocking furnace, the, for cal- 
cining tinstone, ii. 388, 389*, 390 


V 

Pack, on refining of zinc, ii. 182 
Packfong, tier China-silver 
Page, on composition of slag from 
American lead smelting works, i. 
346 

I’aint, collecting leatl-sinelting products 
for manufacture of, i. 311, 318 
Palladium, ii. 616 
Palm's nuzzle, ii. 141* 
Pan-amalgamation, i. 696-700 
Pans, used by gold prospectors, i. 760* ; 

gold-amalgamation in, i. 795-797 
Patio process, of silver extraction, i. 625- 
647 ; crushing the ores, 627-631 ; 
amalgamation of ground ore in tJie 
patio, i. 631-642; separation of 
amalgam, i. 642-646 ; treatment of 
amalgam, i. 646, 647 , 

Paradon mine at Baiix, composition of 
aluminium from, ii. 633 
Parkes’s furnace for copper extraction, 
i. 78, 79*, 80 ; for burning calamine, 
“•29 . 

Parkes's desilverising processes, i. 422, 
426,431 , . u 

Parnell, on extraction of »mc by dry and 
wet methods, ii. 196 


Parnell and Simpson, Messrs., methotl 
of antimony extraction, ii. 468 
I'arrot Silver and Copper Company the, 
at Butte, Montana, oo]^r stall 
roasting Viy, i. 39, 40* ; jfi^ncer fur- 
naces adopted by, i. 69, 68 ; fixed 
reverberatory calciners, i. 71 ; 

cumpoBition of slags in English pre- 
cess of copper smelting, i. 127. 
Stalmaan converters usetiby, i. 164, 
165 

Parting of gohl, i. 842 876. 

Cedd) 

Passaic Zinc Co., tlie, exirautioii of zinc 
white by, ii. 226 
Patera prooeM, i. 718-723 
Patera, on Augustin process, i. 709 ; on 
fonnation of mercurial soot, ii. 262 ; 
his retott furnace, ii. 821*, 822* ; on 
composition mercurial soot nt 
Idria, ii. 330 ; on separation of nickel 
and oolkalt, ii. 602 

Pattinson’s desilverising processes, i. 
422, 425. 481. 484 ; composition of 
Harz lead refined by, i. 442 ; compo- 
sition of Freiberg lead before and 
after treatment by, i. 444, 445 ; rles- 
oription of, i. 503, net/. ; hand- 
pattinsonising, i. 505-511 ; mechani- 
cal pattinsonising, i. 511, 514 ; com- 
bined with the zinc desilverising 

I irocesH, i. 561 ; treatnient of bismuth 
ead alloy by, ii. 352, 363, 372 
Paul's amalgamators, i. 801 
Paul works, near fioszdin, reverberatoi^ 
furnaces for burning calamine at, ii. 
27 i mufHes for zino distillation at, 
ii. 1.33 : Dagner's adapters at, ii. 136, 
ft Htq, ; tSiemens gas funuujes at, ii. 
160, 169; charge for distillation, ii. 
161 ; Belgo-8ilesian furnaces at, ii. 
167 ; zinc refining at, ii. 182 ; ex- 
traction of cadmium at, ii. 246 
** Pauscheri,*’ or liquation of tin, ii. 414 
Pavlov’s works, Barnaul, production of 
work-lead from silver ores, i. 485 ; 
loading of silver mattes, i. 4M fit mq. 
Pearce’s turret furnace, for copper ex- 
traction, i. 72, 75*, 76 ; for burning 
calamine, ii. 29 ; for calcining zinc 
blende, ii. 50 

Pelican reduction works, the, George* 
town, barrel amalgamation at, i. 692 
Pellet furnace, for extraction of meronr>’, 
ii. 315 

Pelouze, on oxidation of mercury, ii. 
251 

Pennsylvania Lead Co., composition of 
r^ned market lead from the, i. 455 
Pmey, experiments on action of silica 
with cupric oxide, i 8 ; on reaction 
of cuprous sulphide and lead oxide, 
i. 10 ; on composition of sea-sand 
used as smelting bed at Hwonsea, i. 
131 ; cm solubility of copper in 
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cui^UB sulphide, i, 149 ; un the re- 
aotions of lead sulphide, i. 278 ; on 
English process of lead extraction, i. 
301 n,302n, on Scotch hearth,!. 817fl: 
on reactions of silver sulphide, i. 
400; on production of work-lead 
from silver ores, i. 481 n; on the 
Tintiii process, i.614n, 617 a; on patio 
process, i. 642 n ; on Patera process, 
1 . 718 ; on gold-parting by sulphur, 
i. 846 n ; on cementation, i. 846 n ; on 
mc|uartation, i, 851, 853 ii ; on gold- 
renning, i. 854 ; on impurities in 
omnmercial zinc,ii. 4; on chemical 
reactions of zinc oxide, ii. 7 n, 8 ii ; of 
zinc sulphide, ii. 9 11 ; of zinc 
silicate, ii. 11 ; on muffle furnaces 
for zinc distillation, ii. 98 

Perret copper furnace, me Ollivier 

Person, on the melting point of zinc, ii. 
2 ; on melting |ioint of bismuth, ii. 
347 ; on melting point of tin, li. 
375 

Pertoch, on electrolysis of zinc, ii. 206 

Peters, on normal heap roasting of copper 
ores, i. 30-34* ; on Bpence furnaces, 
i. 63ii; on fixed reverMratory copper 
calciners, i. 71 ; on Pearce’s Turret 
Furnace at Argo, i. 75 ; on water 
jacket furnaces, i. 102 ; on consump- 
tion of wood in calcination of copper 
matte, i. 114 ; on composition of 
slags in Enslish process of copper 
smelting, i. 127 ; on composition of 
quartz used as smelter-bed m 
Montana, i. 131 ; on pyritic copper 
smelting, i. 166; on treatment of 
oxidised ores in Arizona, i. 168 ; on 
Siemens copper-refining gas furnace, 

i. 185 

Pettenkofer, on gold refining, i. 854, 862 

Petit, on the specific heat of gold, i. 
753 ; on boiling point of mercury, ii. 
250 

Pfleger, on electrotysis of zinc, ii, 206 

Pfort, on extraction of zinc oxide by sul- 
phuric acid, i. 560 

Phil^elphia smelting works, Golo- 
fcmIo, lead smelting process at, i. 
412 ; smelting lead carbonate at, i. 
414 

Pliillips, on profluction of chloride of 
copper in dry way, i. 220 ; on 
Brunton’s tinstone cmciner, ii. 386 n ; 
on extraction of lead from crude 
bismuth, ii. 372 

Phtvnix and Haile Mines, K. Carolina, 
chlorination of gold at, i. 817, 
818 

Phosphorus, action on coppw, i. 5 ; 
action with zinc, ii. 6; compounds 
of tin and, ii. 378 ; effect on nickel, 

ii. 498 ; as a purifier of nickel, ii. 
595 

Photography, cadmium used in, ii. 243 


Pilz furnaces, for smelting calcined cop- 
per ores, i. 98, 99*, 100, 119, 123 ; 
used for the residues in the 
Tamowitz lead-extraction process, i. 
306 ; for lead smelting, dimensions of 
various forms of, i. 352-355; at 
Freiberg, i. 362, 363*, 368, 378 ; for 
smelting of lead matte, i. 384 ; used 
at Alexisbad, i. 410 ; for smelting 
Freiberg slm, i. 420 ; for smelting 
litharge, i. 4^ ; for smelting abstrich, 
i. 428, 429 ; for refining lead, i. 
443-445*, 450 ; for roasting lead ores, 
at Schemnitz, i. 477 
Pimelite, ii. 509 

Pimple metal, composition of, i. 148 (se^ 
White metal) 

Pittsburg, Reduction Co., the, extraction 
of aluminiuin by, ii. 653 
Plagionite, ii. 487 

Planilla, in patio process, i. 644, 645 
Plate-pewter, li. 436 
Platinum, action in electrolysis of cop- 
per slimes, i. 262 ; effect on gold, i. 
753 ; reduction of in gold-refining, i. 
854, 857 ; physical properties, ii. 
614 ; chemical reactions of com- 
pounds, ii. 615 ; ores, ii. 616, 617 ; 
extraction in dry way, li. 618-620 ; 
in wet ways, li. 621-625 ; by elec- 
trolysis, li. 625 
I’latillo, in patio process, i. 635 
Plattner, on the roasting and carbon-rc- 
duction process, i. 319, 320; on 
treatment of lead scums, i. 426 ; on 
zinc desilverising process, i. ^2 ; 
on hand-patiinsonising, i. 560 ; his 
furnace fur cupellation of argenti- 
ferous load at Freiberg, i. 575, 576* ; 
on Ziervogel process, i. 742 ; his gold 
extraction process, i. 804-806; on 
cementation, i. 846 ; his furnaces, for 
extraction of bismuth, ii. 355* ; on 
'composition of hardhead at Alten- 
berg, ii, 408 

Plattner-Richter, on effect of nickel on 
copper, i. 4n; on ferriferous copper 
mattes, i. 118 ; on liquation furnaces 
for antimony reduction, ii. 442 n 
Plumbiferous mstallurgical products, i. 

283 ; smeltinff of, i. 418-422 
Plymouth Mine, California, chlorination 
of gold at, i. 812 

* Poison-tower’ condenser for arsenious 
acid, ii. 485*, 486 

Poling, in copper refining, i. 189-192 
Poll, introduction of Bustamente furnace 
into Idria, ii. 268 

Pollock’s process of gold chlorination, i. 
816 

Polvillo, in patio process, i. 645 
Polybasite, Icxialities of, L 467, ii. 437 
Pontifex and Wood, Messrs., London, 
antimony reduction by, ii. 457 
Pots, for lead refining, i. 4M*-441 
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Pot farnaoes, reduction of antimony in, 
ii. 406; refining antimony in, ii. 
462; potaiih lye, action on zinc, 
ii. 0 

Potasaium, alloy of aluininium and, ii. 
631 

Potassium stibnvl tartrate, ii. 435 
Precipitation of copper, i. 205, 208 ; of 
copper sulphate, i. 208 ; by sulphur- 
etted hydrogen, i. 200 ; of copper 
from solutions, i. 240 246 ; from 
cupric sulphate, i. 240, 241 ; from 
copper chloride, i. 241-243, 244- 
246; production of silver bv, i. 
707 ; of silver from sodium thiosul 
phate, i. 790-732 ; of gold from 
chloride solution, i. 819-iSo : in the 
MacArthur-Forrest piocess, i. 334- 
839 

Press-^riode, see Slag reduction 
Price-Fen wick, on extraction of tin liy 
electrolysis^ ii. 426 
Prill, partitfss of matte, i. 88 
Probed, furnace designed by, for lead 
smelting, i. 303 

Proustite, localities of, i. 467, ii. 437 
Providence Mine, Nevada City, stamp 
mills at the, i. 786 ; chloiination of 
gold at, i. 812, 810; precipitation 
plant at, i. 324*, 825* 

Providence Works, California, calcina- 
tion of gold ore at, i. 809 
Przibram furnaces, i. 368, 369*, 370* 
for refining lead, i. 443*, 444* ; older 
forms of, i. 446, 447*, 400 
Puddling tub for mid-washing, used in 
Australia, i. 762 

Pueblo Smelting and Refining (?o., 
Colorado, leading of silver mattes in 
works of, i. 488 

Pufahl, on composition of nickel smeltetl 
at Altona, li. 094 
** Purple ore,” i. 240 
Purpureo-oobaltouB chloride, ii. 598 
Pyrargyrite, localities of, i. 466 
PyritM burners, for calcination of copper 
ores, i. 45-49 ; used at Oker, i. 46*, 
47*, 49 ; English, after Lunge, i. 47, 
48*, 49* ; for roasting lead ores, i. 
328 ; reduction of, in calcination of 
zinc blende, ii. 35 ; for calcining zinc 
blende, ii. 40, 41 

Pyromorphite, composition and localities 
of, i. 283 

Pyrostilbite, ii. 437 


Q 

Quartz, reduction of, in smelting 

oined copper ores, i. 88; l&iglish 
process best for smelting quartzose 
ores, i. 89; used as smmter-bed m 
Montana, i. 131 ; reduction of, in 
smelting lead ores, i. 344 ; reduction 


of, in calcination of zinc blende, ii. 
•16 ; in zinc distillation, ii. 87 ; 
mixed with clay for distUlatuxi- 
vessels, ii. 92 
Queen’s metal, ii, 436, 506 
Quesneville, on purification of bismuth 
from arsenic, ii. 370 

“ Quiokmills,'’ i, TWO (sf>e Hungarian 
miUsl 

Quicksilver, see Mercury 


R 

Rabble-furnaces, foi antimony extraction, 
ii. 447 

Rabbling, in lead extraction, i. 292, 303 
RaIBnad, or refined copper, i. 171 
Rammelnberg, on cuprous oxide in copper, 
i. 2 ; on silver extraction piooeas at 
Oker and Altenau, i. 604 ; on 
Krfihnke process, i 621 ; on patio 
process, i. 637 ; on specfiSc gravity 
of sine, ii. 1 ; of tin, ii. 375 ; tif 
cobalt, ii. 597 

Ramsay, on the .Jumbo furnace, i. 31.7 ; 

on Bartlett process, ii. 236 m 
T tandall, on output of Californian cinna- 
bar deposits, ii. 258 

Rando ft Co., method of extraction of 
arsenical products from residues of 
coal-tar colours, ii. 495 
Randolph, electrulytioal method of 
copjMr extraction, i. 269, 271, 272 
Rapid City, Dakota, extraction of gold 
by bromine, i. 827 

Raschette furnaces, i. 92, 104* ; at 
Altenau, i. 352-35.1, 370, .375*, 390 ; 
iisefl at Clausthal and Lautentlial, i. 
398, 399, 400*, 401* ; for smelting 
silver ores, at Altenau, i. 479 
Rath, on composition of slag from 
American lead smelting works, i. 
346 

Rattlesnake Mine, the, California, native 
mercury in, ii. 255 
Rausohgelb, see Orpiment 
Kauschroth, me Reugar 
Ravenswood Works, Queensland, Mac- 
Arthur-Forrest gold extraction pro- 
cess at, I. 840 

Raymond, on extraction of tin by 
electrolysis, ii. 427 

Realgar, ii. 476 ; production of, ii. 491- 
493; production of “rohglas,” ii. 
492 ; refining of ** rohglas,’°iL 493 
Reaumur, on crystallisation of gold, i. 
752 

Recha’s nozzle, ii. 140* 

Rectangular funiaoes, i. 352-355 {see 
American furnaces) 

Red-sbortness in copper, causes of, i. 
2-6 

Red slag metal, i. 150 
Reef gold, i. 756 
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cleeie Kiver pn^oess of silver extraction, 

i. 080 tt wq. 

Refractory maieriala, i. ^ 

Regnault, on specitic heat of silver, i. 
466 ; of j^Id, i. 763 ; of aino, ii. 2 ; 
on specinc gravity of ii.ercury, ii. 
230 ; on Imiling point of mercury, 

ii. 250 ; on chemical reactions of 
mercuric sulphide, ii. 233 ; on speci- 
fic heat of bismuth, ii. 347 ; of tin, 
ii. 376 ; of antimony, ii. 431 ; of 
cobalt, ii. 697 

Reicher Krzgries,*’ ii. 336 
Keineck’en-Ponsgen and Kopp, on treat- 
ment of tin cuttings, ii. 423 
Retorts, for treatment of gold amalgam, 
i. 802, 803* ; for zinc ilistillation, 
fire-proof clay for, ii. 91 93, 98; 
comparoil with muffles, for zinc dis- 
tillation, ii. 103-^J06 ; manufacture 
of, ii. 105-110; losses in treating 
zinc in, ii. 170-173 ; cost of distilla- 
tion in, ii. 171 

Retort furnaces, extraction of mercury 
in, ii. 321-322 ; for production of 
“ rohglas,” ii. 492 

Reverberatory furnaces, i. 19-24 ; for 
calcination of cornier ores, i. 28, 67 
83 ; various kinds, i. 67, 68 : iixeil 
hearths uorked by hand, i. 68, 69* 
71*, 72 ; observations on, by Peters, 
Tallmt, and Ames, i. 71 ; fixed 
hearths worked by machinery, i. 
72-80 ; movable hearths, i. 80-83 ; 
for Biiiulting of quartzosc ores, i. 89 ; 
calcination of copper matte in, i 
113, 11(i; smelting calcined copper 
ore for coarse metal in, i. 12il 139; 
English, i. 128, 132, 138 ; Welsli, 

i. 128, 132*, 13.3*, 138; American, 
133, IM* 137* ; smelting white metal 
for coarse copper, i. 143 140 ; re- 
fining coarse copper in, i. 175-180; 
for calcination of copper pyrites 
to sulphate, i. 213 215 ; employed 
in fonnation of chloride of copper 
by Ihitsch process, i. 218 ; by dry 
method, i. 223*, 224* 

air reduction of lead ores in, i. 288 
200 ; for preparatory roasting of lead 
ores, i. 3^1, .329- 339 ; with movable 
hearths, i. 3.38, 339 ; refining of lea<l 
in, i. 44 : 1 - 4 . 3.3 

for burning calamine, ii. 25-32 ; fixed 
reverberatory furnaces, worked by 
hand, ii. 26-28* ; fired by gas, 29* ; 
worked mechanically, ii. 29 ; with 
movable hearths, ii. 29 ; with mov- 
able chambers, ii. 30 ; heated by 
waste heat from re<luction process, 

ii. 31, 32 : calcination of zinc blende 
in, ii. 41-62 ; in fixed reverberatory 
furnaces, ii. 42, 43 ; in independent 
furnaces worked by hand, ii. 43-48 ; 
heated by waste heat of reduction 


process, ii. 48 ; calcination in fixed 
reverberatory furnaces worked by 
machinery, ii. 48-50 ; calcination in 
furnaces with movable hearths, ii. 

60, 51 ; with movable chambers, ii. 

61, 62 ; neutralisation of sulphur 
acids evolved by calcination in, ii. 
62-69 ; calcination in combined 
muffle and, ii. 59-63 ; proposals for 
improvements in, ii. 101-193 

for extraction of mercury, ii. 309 -814 ; 
Alberti furnace, ii. 310, 311 ; iron 
clad furnaces, ii. 311-314 ; for calci- 
nation of tin- stone, ii. 384 -390; for 
smelting tin-stone, ii, 394-400 ; for 
liquation of antimony glance, ii. 
4^, 451 ; for refining antimony, ii. 
46:i ; for refining coarse nickel matte, 
ii. 631 ; smelting roasted matte in, 
ii. 636, 537 : oxidation of coarse 
matte in, ii. 537 ; refining matte in, 
ii. 641, 542; for roasting arsenical 
ores, ii. 669, 664*, 666 

Bewdanskite, ii. 609 

Khenania Company, the, of Stolberg, 
muffle furnaces used by, i. 84 ; neu- 
tralisation of sulphur aouls from 
calcination of zinc blende, ii. .34 ; 
Hasenclever furnaces at, li. 69, 70, 
73 ; luaiiufacturu of sulphuric anh,t - 
ilride at, li. 76 

Klioiliuni, li. 616 

RhcHlonite, zinc-white prcKlucod from, i. 
22 () 

Hichaitls, on ri'fining zinc, ii. 181 

Rieliardson, his method of nickel extrac- 
tion, ii. 676 

Richter, 011 hand-pattiiiHonising, i. 608 

Richter and Hiibner, on the Kriihnke 
process, i. 62:1 

Ricketts, his method of nickel extrac- 
tion, ii. .376 

Rienisdijck, on melting point of silver, i. 

- 466 ; on molting point of gold, i. 
762 ; on melting point of bismuth, 
ii. 347 

Rinmann’s green, ii. 600 {ttee Zinc 
green) 

Rivot, on smelting of litharge, i. 424 

Roasting and reduction process for ex- 
traction of lead, i. :il9-.394 ; effect 
of foreign substances, i. 320-321 
roasting ores, i. :122-3:10 ; preparatory 
roasting, i. .323-324 ; heap roasting, 
i. 324 :126*, 328 ; roasting in shaft 
furnaces, i. 328, 329 ; in reverber- 
atory furnaces, i. 320 -339 ; smelting 
roasted ores in shaft furnaces, i. 
339-377 ; process of smelting, i. 377- 
382; treatment of lhad matte, i. 
^3-385 ; smelting at Longelsheim 
and Goslar, i. 385, 386 ; at Freiberg, 
i. 386-389; at MecherLich, i. 390; 
at Altenau, i. 390, 391 ; at ^ibram, 
i. 391, 392 ; at Denver, i. 392, 393 ; 



GENERAL INDEX j)i| 


in Spain, i. 304 ; oombinofl witli iron 
roduotion procesH, i. 400-412 
liobertH, olh HX>eciiic gravity of biHinuth, 
ii. Ml 

RohertH-AiiBten, introduction of Miller'^ 
g<}ld-f)aTimg procpRH into the London 
mint by, i. 847 ; on alloy n of gold 
and aluminium, ii. 033 
Uobinflon mill, Tiarinvaal, mAi\ Rtamp 
niillM Hi the, i. 708 ; MacArthur- 
Forrest gold extraction procosH at, 
i. 833, 836 

Roobax, propfiMal for improx oinenN in 
zinc extraction, ii. IKfi 
Ko<lwell, oil iiiipuritieH in cummeridal 
zinc, ii. 4 

Husing, on compoaition of refined Har/ 
lead, i. 442 ; on linuntion of zinc 
flcums at Altenauand Iziutenthal, i. 
537 ; on distillation of zinc HcuinH, i. 
548 ; on oxidation of zitk Hciiins, i. 
551 ; on Knglish furnace for cupella- 
tion of argemtiferoua l«a<l, i. 50l ; on 
elect rolysia of zinc, ii. 221 
Rosing’fl lean pump, used in refining ]»i*o 
ccHH, 1. 43/, 4.'i3, 454 
Rocssler, tin prodiutioii tif ii /iin* siKoi 
«llo,> frtuii Mtirk-lcntl, i. odl ; pm 
ccss for retiniiig bbcksillH'i, i. 51HI 
0(M ; on aolubiliiy of gtiM in ixifas 
Bilim cyanide, i 823, 838 ; on gold 
parting by snlpliur, i. 848 : tm golil 
ivfiiiing, 1 . 854 if mq. ; tin ^Mirting 
by cdectrolyfliH, i. 875; tin iinpuri- 
licB in coniiiicrcial riiic, ii. 3; tm 
treatmont of cop])er with zinc calci- 
nation products, ii. 83, 84 ; on re- 
fining of zinc, ii. 178 ; on plntimini 
111 blickHilbcr, ii. 618 
RohI I'uactioiiHurbeit, mi Air -reduction 
prueesR 

KostreductionBarbeit, set CarlMin-roduc- 
tion xirocesB 

RoHziicr, on Augustin jmiceMM, i. 780 
Roger, on gold-parting by sulphur, i. 
845 

“ Roliglas,” production of, ii. 492; re- 
fining of, ii. 403 
RuliHtcin, i. 123 

RtKit's blower, i. 03 ; used in Kurtip^n 
lead fumaceR, i. 362 ; used ^itli 
Knox furnuccB, ii. 202 
Hobc, (L, on specific gravity of silver, i. 
456 ; on spcciOc gravity of gold, i. 
752 

Rose, H., on action of liydnigen anti 
cuprous sulphitlo, i. 1 1 ; on chemical 
reactions or silver oxide, i. 457 ; on 
cementation, i. 846; on alloys of 
bismuth, ii. 351 ; on crystallisatitiii 
of aluminium, ii. 626 ; on oxidation 
of aluminium, ii. 628 
Rose’s metal, effect of catlinium on, ii. 
241 

Roseocobaltous chloride, ii. 598 
YOL. 11 


Ross and Welter furnace, for 
rinc lilonde, ii. 48, 49 
Rtissie furnace, i. 31 1, 313, 314* 

Rotating cylinders for ixiasting leatl tiros, 
i. 338. 339 

Rothglas mnnufauture, i. 387 
RtithgUlligciz, dMnkleH, acc Pyrargyrito ; 
lichtes, wr Pruustite; st'hwarz, set 
Steplianite 

Rothschild’s works, Wavre, Oonluri^ 
prtMu^Hsaf. i. 559 

RousiV'hu, mcthotl of nickel extraction, 
11. 577 

Rozan process of silver extraction, i. 514- 
510 

Rii1\\, formed from coiundum, ii. 634 
Ruby glass, gold in, i. lUQ 
Rubv sulphur, Realgar 
Rudrierg, on th<' melting |ioint of uad- 
iiiium, ii. 241 ; of bismuth, ii, 347 ; 
of tin* 11 . 375 

Ruhr|)eriotle, Hft Rabbling 
Riiolz, on in<‘k«>l-rc6ning, ii 505 
Ruprecht, on the Barrel amalgamation 
process, i. 089 

Rn^'Scll, on react ion of Htitliiiin coxijH'r 
tbioHuiphate uith silver sul)»liit1u, i 
*.■>0 ; u ith sil\ cr chloi itlc, i. 462 ; witli 
vilvei ai'Mciualc .intl iintinioniaic, i 
463 ; on action of sotlic hyxsisulphitu 
tin gold, i. 754 ; on liviviation of silver 
with sotlium thiosulphate, i. 728 ; his 
iiKM'CHs of silvt*!- prei'ipitatiun, i. 
733 73i> 

Russian CtipjM'r Oo., tlic, in the Urals, 
elect mlytical inelliotl of copper 
extraction, i. 2<i0 
Hiithciiiiiiii, li. 616 


S 

Sack, inelhtHl of cobalt extraction, ii. 607 
Saegcr, on Steiiipcliiiann's adapter mtsli- 
ficuiitin, ii. 138 a; on Mielchen’s 
iin/zlo, ii. 141 n 

Saigerdtirner, treatment of, i. 430 
Saigerliecrtl, for liquation process and for 
flesilverising silver copper alloys, i. 
408, 401P 

Sailor's Union Mine, California, hydrau- 
lic mining at, i. 769 

St. (’lair-I)cvillc, on chemical reactions 
of silver oxitlo, i. 457 
St. Louis Smelting and Refining Co.’s 
woiks, Chelteimam, zinc desilveris- 
ing process at, i. 533 ; gold-parting by 
electrolysis by, i. 874 
Salamander, fief Bear 
Salt, action on cuprous sulphide, i. 10 ; 
used in foniiation tif chloride of 
co]>per, i. 216, 218, 220 et seq, ; gt>ld- 
parting by, i. 846 

Sant t, usetl at Swansea for 1>e<l of smelter, 
coinposition of, i. 131 

3 A 
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SaoJmuh, hvh Ucalj^ar 
Hand-ore from Hangcrhaiiscn, i. 142 
San KranciHco ARnaying and Refining 
WorkH, the, gold refining at, i. 865, 
871 H Hpq, 

Kapphirc, formed from corundum, ii. 

G34 

Saxon cobalt workH, the, Rpoifw from 
lead Rinelting nold to, i. ^89 
Sishafiner, bin improved Mah^tra furnace, 

i. 59*- 61* ; exporimentn for mdution 
of copper by ferrouR chloride, i. 202 ; 
on production of chloride of copper 
ill dry wa^, i. 220 

Kcheolito, in tin ore, ii. 382 
Schoorer, xev Martihand 
Schei<lul, on the MacArthur-Forreflt 
gold cxtrairtion jiruccRR, i. 828, 836 m, 
837 

Schortel, on fuel for ^ lend Rnielting, i. 
il48 ; on compoHition of Freiberg lead 
before and after deHilveriRatioii, i. 
444, 445 ; on melting point of nickel, 

ii. 497 

Selieurer-KeHtncr, on preparation of 
Hodiuin Htannate, ii. 424 
Sdiloi'kenriiHtting, i. 322, 323, 330, 338 
Sililapp, on calcining zinc blende, ii. 33 
S<4dicker, i. 422, 423, 429 
Selilnter, on (Iiirh and FIuhr mot hod of 
gold parting, i. 843 

S»'liiiiel7.rr, profioRiil for iinprovoniont in 
/.iiie extraction, it. 185 
iScliinidt, M., on trentincnt of nier- 
eurial MOfit, ii. 335 

Schnaliel, on electrolytic* inethodH of 
copper extraction, i. 249//; on col- 
lecting f nine and cliist in the air re- 
duction proccRs of leail extraction, i. 
2S.S //, 421 ; on lower Hiiljiliide of iron 
and loud, i. 403 ; on louiling Hilver 
nmtic, i. 492// ; on cnjiellaliuii of 
argentiforoiiH lead, i. 568 w ; on 
neutralisation of Riilpliur acidR fi*oiii 
calcination of v.iric blende, ii. .59 ; on 
ai'Mciiical alloys, ii. 475 // ; <in eoni- 
jiositioii of nickc'l niattcH, ii. 5iNi// 
vt wq. ; on roiiRtiiig coarHc matte, ii. 
533 // ; on Rimlting roasted matte, 
ii. 534 ?/ it Hvq. ; on production of 
<*oj>jK*.r-iiickcl alloyH, ii. 545 »» vi ntq. 
Schiiederinann, on Rinelting of lead kuI- 
))hato, i. 418 

Schneider, on composition of slag from 
Amcricjin leaif smelting works, i. 
346 ; liiH mcdihod of purificntioii of 
biHiimth, ii. 372 ; on coinpoHitioiiH of 
coinnicrcial biKiiiutliH, ii. 373 ; on 
extraction of platinum, ii. 622 
SchnitKcr, on nhiminium nt h^eintritz, ii. 
634 

SclionciH, method of cobalt extraction, ii. 
697 // 

Schroder, on «»pecilic gravity of anti- 
mony, ii. 439 


Schriklor and HUniuch, on manufacture of 
Hiilphiir dioxide from calcination pm- 
ductn of zinc blende, ii. 76, 77*, 82, 
83 

Schilttofen, we Dust furnace 

Schulze, on chemical reactions of zinc 
okidc, ii. 8 

Siihultze, on treatment of tin-cuttingR, ii. 
422 

Schwarz, on treatment of zinc fume, ii. 
184 /t 

Schwarzbleierz, we black lead ore, mitler 
Lead 

Schwarzmanii’R friction n/lls, for cruRh- 
ing zinc orcR, ii. 21 

Schwedor, on compoRition of nickel 
inatteR, ii. 525 //, 526 n ; of Rlags, ii. 
526, 527 t‘f wq , ; on Rinelting roanted 
matte, ii. 534?/ ; on I'efiiiing matte, ii. 
541 ; on pnxiuction of cMipper-nickel 
alloyH, ii. 540 

Scorification, in copper refining, i. 188, 
189 

Scotch hearth, used in air reduction 
process of lead extraction,!. 31 1, 312*, 
313*, 316 

Scott furtmees, we Hiittner and Scott 

ScuiiiH from lca<l in cupellution nmelting 

J ircK'CHR, treatment of, i. 426, 430 (a/ e 
{kuninnR) 

Scbillol, method of nickel extraction, ii. 
577 

SofHlroni furnacoR, used in extraction of 
nickel from HlagR, ii. 587 ; for iiickt*! 
rf*finitig, ii. 593 

Sclcno-U'llurnU* of biHinuth, ii. 352 
Seiiannonitc, ii. 437 

Scsia workH, Varallo, Htall-ruaRting of 
nickel ores at, ii. 518, .529 ; Rinelting 
nickel ores, ii. 525 ; Hcpiiratiou of 
cobalt and nickel at, ii. 692 
Shaft furiiHccR, for calcination of copper 
orcR, i. 27, 44 49 ; advantages, i. 44 ; 
calcination of lump urcH in, i. 45-40 ; 
kiliiH and pyritcR ournerR, i. 45, 46; 
pyritcH bunicrH, i. 45-49 ; kilnn, i. 
4f) 52 ; roanting urc-fincR in, i. 52 *59 ; 
RnH*lt.iiig calcined urcR for matte, i. 
86 112; iiiiprovenirntR in, i. 99; 
HlinpcR of, I. 91.92; varioiiR forniR 
of, i. 92, 93 ; diRpoRition of tuyercH 
in, i. tt3 ; for Rinelting of calcined 
copper orcR (continued), bloRt appa- 
ratiiH in. i. 93 ; ty]M*R of, i. 93, 94 ; 
forehcartliH in, i. 93-95; arrangement 
of fuel uned in, i. 05 ; older furnaccR, 
i. 06 98 ; nuMlern fnniaccR, i. 98- 199 ; 
proccHH of Rinelting in, i. 100, 119; 
f'alcinution of copper, matte in, i. 
113,115 

for rt Misting load ores, i. 324, 328, 329 ; 
for smelting calcined lead uicr, i. 339- 
394 ; draught furnaces, i. 348-351 ; 
blast fumaeos, i. 351 .‘k55; construc- 
tion of the furnace, i. 355-362 ; older 
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foniis of furiiacts i. 302 307 ; recent 
furiiaceH, i. 30K 377 ; funiuccu in 
various loculiticH, i. 385 884 ; for 
roustiiiji; load matte, i. 405 tt mq. 
for bummg ualamiiic, ii. 22, 23* 25 ; 
grute-Ored shuft-fiirnacos, ii. 23, 24*, 
25 ; for cnloining zinc blende, ii. 30 
41 ; protMMals for iuiproveinentH in, 
ii. 185-101 

extraction of mercury in, ii. 207 
309 ; in externally fired tumiiceK, 
ii. 207 ; in interiially Hml shaft 
furnaces, ii. 208' 270; in oxter- 
nully fired furnaces, li. 277, 278; 
in furnaces fired continuously, ii. 
278 ; fiiriiucoB for luinn ores, ii. 270 
293 ; for ore fines, ii. 293 :100 ; in 
shaft furnaces proper, ii. 315 321 
for smelting tin ore, ii. 4^1-410; f«»r 
reduction of antimony, ii. 461, 454 ; 
fur roasting nickel oi-im, ii. 518, 
52U ; for smelting nickel oies, ii. 522, 
tt Htq . ; for refining ccw-rse matte, i. 
532 : fur rousting arsenical ores, ii. 
559 

circular, for siiiolting calcined c<ip|>cr 
ores, diainctursof, 1. 91, 92 ; pressin'c 
of, i. 91 ; iinprovcineuts in, i. 92, 93 ; 
blast apparatus in, i. 03 ; types of, i. 
93 95 ; modern funiaees, i. 98 103* ; 
rilz furiiaccH, 98*, 99* ; Maiisteld 
ItiriiaccH, i. IWi*, lOl* 
oval, for smelting calcined copper <»re* 
i. 92, 93, 107*-J09* 
rectangular, for smelting ealuiiied c^ip 
l>er oies, i. 92, 104*- 107 
round, rt<e circular 

Shear, jn't»]iosal for improv«*inciits in z.ine- 
extraetioji, li. 185 ; on extraction ot 
till by electrolysis, ii. 125 

Shuilield's firebridge, used in Knglisli 
ealeiiier, i. 128 ; in Welsli furnace, i. 
144, 145* 

Shelf i'lii'iiucus, for calcination of eopl»er 
ores, i. 02-G4* ; disposition of the 
oi'cs, i. 52 

Siberian furnaces, for smelling calcined 
eo])per ores, i. 98, 195 

Siberian mluetiou heiirtli, for treatiiieiil 
of litliai ge, i. 424 

Sideritc, reduction of, in calcination 
zinc blonde, ii. 36 

Siemens, on volatility of copixT, i. 2 ; on 
electro-metallurgical niethoils ^of 
c«)pper extraction, i. 16, 249 256 ; 
his copper refining gas furnace, i. 
185 ; his principles of gas lirings zinr 
distillation furnaces fireil by, ii. 1 17 
123, 124, 150, 157*, 158, 165; his 
electric fiirnuce for extraction of 
platinum, ii. 620 

Sietiietis and Halske process of elect ro- 
metallurgical copper extraction, i. 
249 256, 258, 26t> ; etticiency of 
machines at Oker, i. 2ti5 ; arrange- 


meiit of baths in, i. 265, 266*, 267* ; 
electrolytic precipitation machines, 

i. 839 ; on eltsctrolysis of zinc, it. 
203, 204, 212 tt atq. ; cluetrolytie 
method of antimony extraction, ii. 
470; on eloetrolytie extraction of 
nrsciiic, ii. 479 

KiemeiiH-Miirtii) fumuce, f(»r extraction 
of nickel from goriiiorito, ii. 555 

Sierra Buttes mine. Sierra Co., ftainp 
mills at the, j. 7H7 ; chlorination of 
gold ore at, i. 812, 815 

Sievekiug, on extraction of mercury in 
wet way, ii. 343 

Silesian funiact^s for burning calamine, 

ii. 31, «12: for zinc distdlatioii, ii. 
94, 96-98, t(t‘i ; gas Hrc«), ii. 120 ; 
mlapters for, ii. 133 ef mq. ; for zinc- 
distillation in imiffies, ii. 1^<145* ; 
old Silesian, ii. 164 

Silesian pi*r>cess of ziiie-distillatioii, ii. 

173 (wc undtr ^inc) ; of Icint 
extroution. net Tarnowitz process 

Silesia works, at Lipitie, Hiisenelever 
furnaces for calciiiiiig zinc blende 
UHCil at, ii. 70; sm]>hur dioxide 
maiiUfacUireil at, ii. 76, 77* 80*. 81 ; 
Bfdgo-Silesiaii furnaces ui, li. 165, 
166; number of mufiles broken at, 
ii. 172; Inalmcntof zinc fumes at, 
11 . 176, 183, IS4 ; clcctrolj^'sis of ziiu 
ores at, ii. 212 ; emiiposiuon of ilm - 
tliist, containing ciulmium from zinc- 
culeiimtion, ii. 1^7 

Silica, 111 oport ions of, in slag from 
snicltiTig lead r>tcs, i. 346 ; action in 
iron-reduction process oi lead ex- 
trnctiou, i. 3iN> ; action with zinc 
oxide, ii. 8 ; i eduction oi, in zine 
(liHiillation, ii. 87 

Sib* lies, reduction of in siiiclliiig cal- 
eiiicil copjicr ores, i. 88, S9 ; nro- 
])oi lions of, in slags from Okcr, 
Maiisfeld, Korus, ruliluii, and 
Altcriuu, 1 . IK) 

Silieoti, action on copper, i. 45 ; on 
cuprous oxide, i. 7 ; on cupric oxide, 
i. 8 ; on cuprous sulpliidc, i. lU ; re- 
duction in smelting of calcined co|) 
per ores, i. 88 9i ; effect on iiiekel, li. 
498; action with platinum, ii. 615; 
cfi'ect on alumitiiuiii, ii. 627, 631 

Sillimaii, cm Patio m*ucess, i. 646 

Silv<*r, extraction from cc»pper, i. 16, 23, 
24 ; at Wallaroo, i. 152, 153 
calcined in Stctefeldt's fiirnucc, i. 72 ; 
furiiucus used for calcination of, 
suitable fur copper, i. 81 ; rediie- 
tion of in smelting ealcinecl copper 
ores, i. 87 ; silver in ** diiiinstein,” i. 
118; in copper “bottoms," i. 148; 
Ziervogel iirocoss of desilverisatioii 
of copper ores, in use at W'allarcx>, i. 
15;i ; dcsilviTisation of kupfcrschie- 
fer, i. 154, 155 ; precipitation of, hy 
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OQpper, i. 21)0, 242 ; ]>roc'eH8 for ex- 
traotiug silver frfiiii u(ip])er, i. 248 ; 
by eleotrolysiH, i. 257, 202 

in lead ores, i. 281-2K3, 285, 288; 
reduction in Hinelting lead ores, i. 
343 ; contained in lead slag, i. 348 ; 
at the Omaha and Orant iSmclting 
works at Denver, i. 380; obtained 
from blast furnace process, i. 381, 
382; in various lead ores, i. 386 
394 ; action in inm*reductioji process 
of lead extraction, i. 395 ; concentra- 
tion of, in work -lead, i. 422 ; elimina- 
tion of, in refining of lead, i. 432 et hhj. 
(ftee Milder Load, Work-) 

idiysioal propeities, i. 450 ; chemical 
properties, i. 457 ; clieniical reactions 
of compounds, i. 457-463 ; alloys, 
i. 403-^5 ; ores, i. 465 468 ; hicUmnIs 
of extraction from pres, i. 468 470 

KXTKACTIOM BY DKY MKTllODH, i. 470 
001 ; production of work-lead from 
silver ores, i. 471- 485 ; from metallur- 
gical bye-xiroducts, i. 485-502 

cunceiitiution of, in work-leail, i. 
502 et seq. ; the Pattinson process, 
i. 503-505 ; han<l-rattinsoii process, 
i. 505-511 ; mechanical -Put tinsoii 
process, i. 51 1-514 ; the Romii 
process, i. 514-519 

desilvering ))y means of xinc, i. 519 
522; production of siher-lcad-ziuc 
alloy, i. 522 mq. ; <h*sil\eriHing 
process, i. 528 533 ; Ii(]uatioij of zinc 
si'uiiiH, i. 533 538 ; treatment of dc- 
silverised lead, i, 538 539 ; wro- 
ductioii of ricli lead from zinc alloy, 
]. 539 tt 8iq. ; distillation of zinc 
scums, i. 540 548 ; smelting rich 
NcuiiiN, i. 548, 549 ; ciipcllatiun ol 
ricli scums, i. 549 ; melting zinc 
scums with alkaline chlorides, i. 
549 ; oxidation of zinc 1i> steam, i. 
•Vit) 552 ; lixiviutioii of zinc oxides, 
i. 552, 553 ; extraction of zinc oxide, 
i. 553 561 ; combined Pattinson and 
zinc dcsilverising xiroccsscs, i. 561 ; 
Xiniductioii of zinc-silver alloy from 
work-lead, i. 561 566 ; cu]icllatioii 
of argent iferouN lend, i. 566 59<> ; 
rchning of bhcksilber, i. 596 599 ; 
rchning in crucibles, i. 599-6U1 

KXTKAOTION BY A COM 111 NATION OF 
BUY AND WET PUOCESSKS, i. 601 749 ; 
conversion of silver into silver-lead 
alloy, i. 601 61 1 

processes in which silver is not dis- 
solved, i. 602, 603 ; extraction of 
silver from argent if crous black 
cox>per by sulphuric ucid, i. 603 608 ; 
fnmi argent iferotiH copper matte by 
sulphuric acid, i. 608 610 

pixicesHeH in wliich the silver is dis- 
solveil, i. 610 ; extraction of silver 
by ttinulgamatiun process, i. 611 tt 


neq. ; the Cazo process^, i. 618-620 ; 
the Kruhnko process, i. 620-625 ; 
the Patio process, i. £25-647 ; the 
Washoe process, i. 647 -673 ; inodifi- 
cations of the Washoe process, i. 
673 et wq. ; the combination process, 
i. 674 ; the Doss x>roceB8, i. 674 677 
amalgamation with reagents preceded 
by a ehloridisin^ roasting, i. 677- 
702; anialgamution with a soluble 
salt of mercury, i. 7t)2, 703 ; recovery 
of silver ffoiii silver amalgam, i. 
703 707 ; production of silver by 
preeipitatitm, i. 707 ; xirtKiesses in 
which silver is obtained as cliloride, 
i. 707 - 708 ; Augustin process, i. 
708 -718 ; ])atcra process, i. 718-723 ; 
extraction of soluble coin|Kmnds of 
Inisu iiicluls by means of water, 
i. 723 727 ; lixiviation with sodium 
thioHul]»hnte, i. 727-729; i>recipitu- 
tion of silver from thiosiilxmate 
lii^uors, i. 730-732 ; treatment of 
the silver suliihide, i. 

732 ; Kiss x>rocesH, i. 732, 733 ; 
Uussell process, i. 733 734 ; pro- 
duction or silver from masted copjier 
ores, i. 739 740 ; Ziervogcl x>i'occss, 
i. 740 749 

EXTRAimoN UY KLKCTUO-METALIirKOl- 

CAL METHODS, i. 749 751 
died on gold, i. 755 ; reduction of in 
gold lehiiiiig, i. 854, 858 ; cx( ruction 
of from siher sulphate solution, i. 
866 873; treat mcnl ot in gold-x>ariiiig 
by eleelrol^X his, i. 875 
allo\ of zinc and, ii. 12; reduction of 
ill zinc distillation, ii. 88 ; electro- 
lysis of z]iie-hil\er alloys, ii. 222 
extruetion of bisiiiutli from skimiiiitigs 
ut Praiikfort, li. 364 ; in crude 
bisiiiuth, li. 369, 372 ; alloys of anti- 
mony and, li. 43(i, 437 ; dlect of alu- 
411111111111 fill, ii. 627, 633 
Silver-bismuth glance, ii. 352 ; bromide, 
i. 462 ; chloride, chemical reactions 
of, i. 46U-462 ; production of silver 
from, i. 767, 798 ; glance, localities 
of, i. 466 ; horn-, i. 461 ; localities 
of, i. 467 ; iodide, i. 462 ; native, 
localities of, i. 465, 466 ; oxidt^s, 
chemical rcac'lious of, i. 457, 458 ; 
sulphide, chemical reactions of, 458 
466 ; precipitated, ti’eatmeiil of, i. 
732 

Silver Reef mine, Utah, Doss XH'ocess of 
silver extraction, i. 675 
Simoiiiii, on the reduction of antimony 
ill reverberatory furnaces, ii. 451 u, 
454 H 

ISinding, on prucixiitatioii of copper, i. 
2U9 

8iuterrostung, i. 323, 337, 338 
iSkiuder furnaces, i. 92, 93, 1U7*» 108* 
Skunmas, foriiiatiou of, in smelting of 
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calcined copper oren, *i. 89 ; treat- 
ment of, in Bmeltiiig procenH, i. 1 12 
SkutterucUt^ ii. 470 
Slag-iio8c, copper smelting with, i. 98 
Slag-pots, used at lead siiiultiiig works, 
U.S.A., i. 878-3W)* 

Slag nj^tcr, production of, in Hincltiiig 
white metal, i, 140; star-, in anti- 
mony rofiiiing, ii. 400, 407 ; rotinery, 
ii. 407 

Slagging roasting, sf.c Suhlackunrustung 
Sluice gold-waslicr, used in Urated 
SUtcK. i. 702 

Smalt, prcsluction of cohult from, ii. 

099 ; prcKliictioii of, ii. 009 
Smaltine, ii. 476, 598 
Smith, clectrolytiual iiicthod of cop{Kr 
extraction, i. 209, 271, 272 ; on gold 
and silver in crude bismutli, ii» 309 ; 
on extraction of tin hy clectmlysis, 
ii. 42(», 427 ; Ids method of antimony 
extraction, ii. 407 

Soci4tc Aletalhirgiquc Italiennc, wo. 
of, at Leghorn, converters used hy, 
i. 100 

Soda asli, roasted tinstone fuse<l with, 
for removal of tungsten, ii. HSK), 39L 
Sodium, alloy of alumiiduiii and, ii. 031 ; 
reduction of aluminium by, ii. 037 
•chloride, used in foriiiation of chloi idc 
of co])pcr, i. 221 ; fur rciiio\aI ot /.im 
troiii Icail, 1 . 43(i 

-copper thiosulphate, r« action Mitli 
silver sulphide, i. 439 
-hyposuIjiliiUs a soheiit tor copper, 
* 1 . 294; iiiamitaetui‘cdfn»ni calciiiation 
products of ziiK bieiiiU, ii. Si 
-staiiiiute, jiccparatioii oi, ii. 424 
-thiubulphalc, lixiv iatioii <it silver v%iih, 
i. 727 729; juccipiliition from, i. 
739 732 

Solon, lead slags iroiii Laiiriuiii dating 
from time of, i. 42tt 

Stnioiiiu iiiiiic, the, California, native 
mercury in, ii. 2r>r» 

Si»ot, mercurial, ii. 2ri9, 202 ; eoiuposition 
of, from Id ria and Alniudcn, ii. 
329 332 ; trcatiiieiit of, ii. 332 330 
Sophicn works, Langclshciin, »*< Frau 
Sopliicnhiitte (iii (leographicalliidcx) 
Sow , Hit Hear 
Speise, stc S^ieiHs 

SpcisK, formation of in smelting ot 
caleined coppei’ ores, i. S7 ; eoni- 

K isitioii oi, at Schiiiolliiitz and 
eusohl, 1. Ill ; seoriHeation oi 
Oker “ bleistein ” sjieiss, i. 137 ; 
amalgamation of, i. 094 OtlO 
SpeisB-eobalt, ii. 598 
Spelter, ii. ISl ; coinijositioii of, from 
various zinc w'orks, ii. 182, 183, 233 
Si>eiice fiiriiaec, for eopiier extraction, 
diajjoHition of the ores, i. 52, i. 62- 
64*, 05 ; for sulplimic acid manu- 


facture, i. 129; for calcination of 
gold ores, i. 808 
S|>orrylit, ii. 010 
Sphalerite, ms Zinc Blende 
Spirck, on the Haiizear furnace, ii. 119 » ; 
his i‘overborat<iry mercury ealciners, 
ii. 399, 312, 313^ 

** Spitting,” of silver, i. 450, 091 
Spitzer, see Vortmann and 
SpleisH furnncee, i. 157, 171, 175*-180 
Spongy metal, L 120 
SiMingy reguluH, i. 151 
Spruhun, or copper-rain, in retiiung 
proceas, i. 173 
Spurofen, the, i. 93, 94, 355 
Spurstein, i. 129 ; eoiii|XNiition« of, i. 
121 (eee Blue Metal) 

Squire, on electrol^eiB of alkaline solu- 
tions fur zinc, li. 218 
St .'viler, on extitiction of cadmiiiin at 
Kngis, ii. 245, 240 

SUihl, cm ctlec t of arsenic on cotqier, i. 
4; oil tough-uoling, i. 191, 192; on 
extraction ot zino by chloridising 
roasting, ii. 197, 108 ; on oxtractioii 
of nickel by electrolysis, ii. 590 ; his 
nictluHl of colxilt extraction, ii. 095 
StablHciimidl, on chemical reactions of 
zinc oxide, ii. 0 

Stall- roast mg ol copimr ores, i. 27, 38 
44 ; conditions for, i. 39 ; arrange- 
meiit and consti iiclioii of stalls, i. 
3f>, 40* “42* ; WcUiior’s, or Frcilmrg 
stslls, i. 43* ; Sty rum stall, i. 43, 
44’ 

of copjHi’ iniittc, i. 1 12 ; dcod-rrsisting 
in Htall«, i. 115; of copper pyrites 
li>r siiljiliiitrs, i. 21.3 215; oi letul 
ores, i. 328 ; of lead matte, i. 383, 
498 ; of calaiiiiiie, ii. 21, 22; of zinc 
idciidc, ii. 39 ; of nickel iferous ores, 
II. 517, 529; for rcHiiing coarse 
matte, ii. 532 ; fur arsunicaT ores, ii 
.559 

Staliiianirs converter, i. 102*-100; las 
elcctrolytieal nu'thod of coppc'i cx- 
tractioii, i. 209, 27t)*, 271* 
Stamp-mill anialgainutioii, i. 777 780 
Stannic acid, chemical jiropcrticH of, ii. 
377 ; anhydride, chciidciil jiiopurlies 
ot, ii. 377 ; chha'ide, cheiuical pro- 
|)crtivH of, ii. 377 ; firopniatioii of, ii. 
423 ; nitrate, chemical /iro|KTtie8 of, 
ii. 377 ; oxiile, set -laniiic acid ; 
sulphate, chuiiiical j^iopcrties of, ii. 
377 ; sulphide, cheiaical properties 
of, ii. 378, 428 

Stannous chloride, elicmical iircjpertics 
of, ii. 377 ; preparation of, ii. 423 ; 
pxidc, effect ou tin, ii. 375 ; chemical 
]iroperiicH of, ii- 376 ; suhdiides, 
chemical praiwrties of, ii. 377, 378, 
428 

Staubrostung, i- 323, 337 
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Steel, niokdi-, see Nickel-steel 
Steger, On clay for vessels for zinc distil- 
lation, ii. 91, Qf3, 194 et mi,; his nozzle, 
ii. 142*, 143* ; on treatment of zinc 
fume, ii. Iti4n 

Steinbeck, on Ziervogel process, i. 746 u 
Steitz, his syphon, i. 454*, 455* ; his s^s- 
trai of water cooling after cupellation 
proQcas, i. 591* ; his water-jacket 
furnace, i. 592-^94 

Stelzner, on chemical reactions of zinc 
oxide, ii. 8 

Stempolniaiin’s niodifloation of Dagner’s 
(ulapter, ii. 138, 139*, 140* 
Stcphunite, localities of, i. 467 
Stephans works, Hungary, stall-calcina- 
tion of mercurial mhlores at, ii. 264 ; 
treatment pf mercurial falilores at, 
ii. 841 

Sterling mine, the, ores for })roduciion 
of zinc white found at, ii. 226 
Stern works, the, at Linz on the Rhine, 

i. 200 

Sternbergite, i. 467 

Stetcfoldt furnace, for calcining silver 
01 ‘es, i. 72 ; drying furnace, the, i. 
678, 679*. 080*, 685, 086*, 687*. 698 ; 
for calcination of zinc blende, ii. 43 
Stctefeldt, on Patio iu’occhs, i. 646 ; on 
patera process, i. 721 ?<; on calcination 
of gold ores, i. 807 
Stevmiot, his amalgamator, i. 801 
Stevenson pan, fur Washoe process, i. 
658, 661* 

Stibiiitc, reduction of, in calcination of 
zinc blonde, ii. 36 (mcc Antimony 
(llonee) 

Stirling brand of Hpcltcr, ii. 233 
SlollHM'g furnace, the, formerly used at 
Krcibcrg, i. 366, 367* 

Stolzel, on the HjKJcitie gravity of zinc, 

ii. 1 H 

Slolzite, i. 283 

Stop]), iiU‘tho<l of extraction of arsenic 
troni rcsiducN of coal tar colours, ii. 

m 

Siorei , on im])urities of zinc, ii. 2 4 
Strabo, h>ad slugs from Lauriiini dating 
Iroin time of, i. 426 

Straits furnace, for sinclting tinstone, li. 
39!^ 4<N( 

Strccker, on zinc distillation furnaces in 
U.S.A., ii. 128 s, 129 s ; on pnKluc- 
tion of zinc white, ii. 2.32 s 
Strong, on composition of Harz load 
tlesilveriscd liyPattinson's process, i. 
425, 442 

Strohmeyor, on lixiviatiun of co)>|H*r by 
sodium hyposulphite, i. 2(4 
Stromeyerite, loealities of, i. 4()6 
Stupp, ii. 259 (Mff So«)t, mercurial) 
Styrian stall. uoi)|M!r raisting, i. ^3, 44* 
Sulniaii and Teed, cyanide process for dis- 
solving gold, i. 836 


Hulpho-telluride of bismuth, ii. 352 

Sulphur, action on copper, i. 5, 7 ; 
eompouiids of, e.\traction of from 
eoi)per ores, i. 17, 25, 32* ; ex- 
traction by Maltitra furnace, i. 61 ; 
reduction of in smelting of calcined 
oopper ores, i. 88 ; action on silver, 

i. 457 ; action on silver sulphide, i. 
458 ; compounds of silver with, i. 
402, 463 ; effect on gold, i. 754 ; 
parting by litharge and, i. 844, 845 ; 
{Nirtiug by sulphur alone, i. 845, 
846 ; jiresent in commercial zinc, ii. 
4 I action with zinc, ii. 5 ; action 
with zinc oxide, ii. 7 ; percentage of, 
in zinc blende, ii. 34 ; neutralisation 
of the acitls of, evolved by calcination 
of zinc blonde in rever)>oratory fur- 
naces, ii. 52-50; manufactured from 
ealcination-producis of zinc blende, 

ii. 81, 82; contained in mule bis- 
muth, ii. 369 ; exiracUxl frrim crude 
bismuth, ii. 372; effect on tin, ii. 
375 ; separation from tin, ii. 382, 
383 ; action witli arsenic, ii. 472, 
401, 494 ; eflect on nickel, ii. 497 ; 
extraction of nickel from comiiounds 
of, ii. 511 554 («ce tf/u/tr Nickel); 
action with ]>laiinum, ii. 61 5 

Sulphur dioxide, absorbed by molten 
cop{)er, i. 2, 6 ; action on cupric 
chloride, i. 13 ; manufactured from 
prod nets of calohiatiun of zinc blende, 
at Hambum and Lipine, ii, 75 77* 

Sulphurets, pixMluced in gold milling, i. 
771, 774, 787 e/ m/. ; treatment in 
Hungarian mills, i. 791 

Suljdiiirettcd hydrogen, action on cu)>ric 
Nu]])hi)te, i. 12; prcci])itatiuri of 
cf)]>pcr 1>y, i. 26!) ; useil in ])i‘ucipita- 
tion of copjier, i. 241 ; action on 
silver, j. 457 ; manufactured from 
calcination products of zinc lilendu, 
'ii. 81 

Sulphuric acid, action on copper, i. 7 ; 
iK'tion on ciiprrms oxiiU', i. 8 ; result 
ot electrolysis of copper sulphides 
and, i. 11 ; iitilisutioii of gases from 
cop])cr ores for manufacture of, i. 
27 ; a jirodiict of calcination of 
cojiper ores in shaft furnaces, i. 44, 
52; pyrites burners used in maiuifuc- 
ture of, i. 45 47 ; inufHe funiaccH 
for manufacture of, i. 8.3, 128, 129 ; 
munufucluru of, at Mansfcld, i. 155 ; 
iuunufu.cturu<1 from the Rumiiiclsl>urg 
copper ores, i. 156 ; used for lixiviu- 
tion of eop})er, i. 199 260 ; manufac- 
tured from gases of calcined ores nt 
Oker, i. 225, 226 ; used in electroly- 
sis of copper slimes, i. 263 ; action 
on lead, i. 276 ; action on silver, i. 
457 ; extraction of zinc oxide with, 
i. 5(K) ; extraction of silver from 
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argentiferous copper by \neati8 of, i. 
6U3- 61U ; action oii gold, i. 753 ; 
gold parting by, i. K53-K73; pro* 
paratiou of alloy, i. 355 -858 ; Holuti(»n 
of silver with, i. 858-862 ; truatment 
for gold with, i. 862 866 ; extrac- 
tion of silver by, i. 866-673 ; acaioii 
on zinc, ii. 5 ; works for inanufac^ture 
of at Chropiu'zow, ii. 76 ; extraction 
of zino by, ii. 196 ; action on cad- 
mium, ii. 242, 249 ; aoti<iii on iiier 
cury, ii. 25i ; actiim on bismuth, li. 
348 ; tised in extraction of bismuth, ii. 
365 ; action on tin, ii. 376 ; usimI in 
the pariHcati<»n of tinstone, ii. ,'182, 
,396 ; action on unitmojiy, ii. 431 ; on 
ai'seiiic, ii. 472 ; on nickel, ii. 499 : 
oil oolialt, ii. 597 ; on aluminium, ii. 
628 

Sulphuric anhydriile, manufacture of at 
Freiberg and Stolbcrg, ii. 75 
Sulu-fumaues for smebling calcined 
(Kipper ores, i. 96*, 97, 124 

Sumpf-ofeii, the, i. 93, 05, 98, «^5 ; used 
for Hmelting nickel ores, ii. 524 
Sutton's pro(‘eHH of gold cluorinatioii, i. 

81. 5; of precipitation, i. 819 
Svaiiberg, analysis of Ctdiforiiian crude 
platinum, ii. 617 

Swindell, pn)|x>sal for iinprovcmoui in 
zinc cxlroctioii, ii. 185 
Sylvanite, i. 758 

Syjihon, invented by Sleit used in 
('astiiig reHiied lead, i. 4.')4’*, 455* 
Syphon tap, tin*, in lend HiiH'lting fui - 
iiacoH, i. .‘WO 358 


T 

1’nlbot, on large AiiMTirnn copper cal- 
ciiicrs, i. 7 1 

TanilMuiriii and Lemaire, inotlnKl of ex- 
traction of urseiiic tnuii ic.sidiieB of 
cijul tar coloiirH, ii 495 

Tumm, on purilicatioii of liiHinnth fnim 
arsenic, ii. 376 ; from cojiper, ii. 371 ; 
from snlpiiur, ii. ,371 

Tapiiing iiroeess, or mechanical Pattin- 
Hoiiiniiig, i 511 514 

Tarnowitz process of extraction of lend 
by air reducl ion, i 2Si), 21M I, 3( 13 3< Ki^ ; 
furniicefl for, at Fricilrichshiittc, i. 
,3t>4*-.30C 

Tartar emetic, ii. 4.35 

Taylor, Alfred, on impurities in com- 
mercial zinc, ii. 4 

Taylor mine, the, ores for production of 
zinc white found at, ii. 220 

Tcichmann, on hand-Pattiiisonising, i. 
511 n 

Telluridc of liismuth, ii. 3,52 

Tellurium, action of, on copjier, i. 4 ; 
effect on gold, i. 753 ; compounds of, 


with gold, i. 758 ; graphic telltirinni, 

i. 758 ; white tellurium, i. 758 ; 
treatment of telluride gold ores, i. 
827, 828 

Tennant, on prixtuction of chloride of 
copper in dry way, u 229 
Tepbixiite, /.iiic white produced from, ii. 
226 

Teraillon, on converters used at works 
of Jei-es Lonleira in Spain, i. 
165 » 

Terhnne, on Briuiktier's furnace fur roost 
ing lead ores, i. .3;i9 ; for roasting 
lead matte, i. 383 

Tetradymite, .«rc Telluride of bismuth 
I'etrahedrite, Fahl ore 
Tetilier, on coni])ositioii of mercurial sixit 
at Xdria, ii. .336 a 

Tharsie Sulphur and (Copper Co., imiflle 
furnaces used for broductioii of 
(Mipper cldoride, i. 233, 234* » 2*35 
Th^oianl's blue, ii* 606, 61,3 
Theuot, his umalgamat<»r, i. 861 
TheophiUis, ^r( Roger 
I'lieophrastus, on the Almaden cinnabar 
aeposits, ii. 256 

Tliercsia works, SiIohIh, the charge for 
zinc-distillation at, ii. 161 ; com- 
positioii of zinc fumes from, ii. 184 
33ues process of gold rblorinatiun, i. 816, 
817 

7'hiollior, on composition of gamicriic, 

ii. 569 

Thompson, Lewis, on ]>arting of gold 
with chlorine gas, i. 847 
Thomsen, .1., on removal of copper from 
nickel matte, ii. 556 

Thiinich, on purification of bismuth from 
ai'senic, li. ,376 

TJiuin, on heap-burning of calamine, ii. 
22 ; on burning calamine in shaft - 
turiiiyes, ii. 22 ii; in r(‘verboratory 
furndees, ii. 27 n ; on bury t(‘H in zinr 
lileiide, ii. .'16 ; on calcining zim* 
bleiido, ii. 44 n ; Ins furnaces Ticated 
by waste iieat from reduction fur- 
naces, ii. 48 ; gas-6rcd furnace de- 
signed by, ii. 122, 123 n 
Ticheiior, bis amalgamator, i. 861 
Tiegf*lof(*n, the, i. 93-9.5 
Tierru Sees inaoliine, for gold washing, 
1. 762, TlW 

Tierras furnaces for mercury extraction, 
ii. ;i61, ;i62*, .36.3 
Tile-ore, i. 13 

3’in, oi'tion on copper, i. 3; action on 
cuprous Hulphitlc, i. 1 1 ; smelting of 
copjier ores containing, i. 147, J4K ; 
precipitation of copper by, i. 26*5, 
266 ; action in electrolysis of cop|)cr 
slimes, i. 261 

effect on gold, i. 753 ; reduction of in 
gold-rcnning, i. 8.55 ; present in com- 
mercial zinc, ii. 3 ; action with 
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M^ne sulphide, it, JO; treatment i 
aUojm cf bismntJi ami, it. HOS 
pftjwW pmperties, ii. 374, 875 i cltemh 
W propetiiea of, ami of compoitmh, 
ii, i7b~S7S; alhva of, ii. 3T^: oi 
of, ii. 37H m 

extraction in the dry way, ii. 880 432 
from fins^niic, iL3H0 4IS; purifi- 
cation of tinstone from injurious 
impiiritipfl, ii. 381 383 : roasthiff 
tin ore, ii. 3S3-,3S4 et wq. ; rmstitiff 
in fnniaoes with fixed chambers, ii. 
384-386 ; partly movable cliamherR, 
ii. 38(i-388 ; movable ohatnlierR, ii. 

388- 390 ; treatment t>f roantod ore, 
ii. 390 ; removal of tungnten fron» 
roaated 01 %, ii. 390 392 ; reduction 
of tin ore, ii. 3i)2-410; in rever- 
beratory fiirnaceH, ii. 394 390 ; in 
Straitfl SettfenientR, ii. 399-4(K>; 
rodurtion in ehaft furnaeeM, ii. 4(N) 

410 ; tin-iron aUo 3 »R, ii. 407 ; ev- 
traction of tin from metallurgical 
nrothieta, ii. 410-413 
running of tin, ii. 413-418 ; by liquation, 
ii. 414; by KngliRh inetluHl, ii. 414 
416 ; by tofwing, ii. 410 ; by nitration, 
ii. 410, 417 ; methodfi of working up 
I’efinery dross, ii. 417, 418 
extraction ot from hkimiiiings and bye- 
products, 11 . 418 422; tin cuttings, 
li. 422 

extraction in the vet ua^, ii. 422 424 
extraction oi tin b^ cleclrohsis, 11 . 

424 420 

alloys of antimon,y and, li. 436, 437 
alloys of alumimuin and, ii. 032 
Tin ilowder, w# Abstrich ; jij’rites, ii. 

380 ; slags, treatment of, ii. 410- 
413; stream-, ii. 378; treatment 
of, ii. 382; wcKid , ii. 370 
Tiniatnnc*, localities of, ii. .378, 370 ; ex- 
traction of tin from, ii. 380 413 
t/nth r Tin) 

Tina, the, in l*atio process, i. 042, (M.’r 
Tina amalgamation, 1 . 7<M) 7t)2 
'rmtin process of silver extraction, 1 . 014 
1\mi, used in gold -washing, i. 701 
Ton, the, uhchI in America, i. 104 n 
3’oiieUi, on oleetroljsiH of cojijier matte, 
i. 268 

Toita, in Patio process, i. 031, (i32* ; 

cheinicnl reactions in, i. 037 042 
Toughening of refined copiwr, i. 171, 
180, 181 (wc aim Humincrgaar- 
inachen) 

Tough -jioling, scf Poling 
Tower-condenser for arsenious acid, ii. 
486*, 486 • 

Trapiehe, me (Chilian Mill 
Trenducll mill, Dougins Island, stamp 
mills at, i. 787 ; calcination of gold 
ore, 1 . 808 ; chlorination of gold ore, 
i. 812 


Tn-nlrntML fynmtMn of. A, mth, 
ealeweilcoppa‘«m,i.H0 

TniiMt, on chnmimi motiom of nil, 
oxide, I. 489; on volatilitv o/m 
ii. 3; an the boiling point of cau 
niitini, ii, 341 
Troosiite, see Willemite 
Tiihalkain works, the, near Remagen, 
English process of copper smeltine 
ai, j. 183, 183 

Tul)e furnace, for reduction of antimony, 
ii. 441 

Tiilloeh oredoeders, i. 776, 779 
Tungsten, effect on tin, ii. 376 ; separa- 
tion from tin, ii. .382, .38.3, 3t)0 392 
Tungstite, in tin ore, ii. 382 
Twelve Apostles Co., the, Ruda, i. 793 
3\pe-metal. a lead antimony alloy, ii. 
43(i 


U 

Ulke, T., on refining nickel matte, ii. 

.643 V, 644 ii 
UlliTiannite, ii. 698 

Unger, experiments for solution of copper 
by femniR cliloride, i. 292 
United Verde (\>i>per (Jo., the, treatment 
of oxidised ores in works ot, i. lOS, 
169 

Uslat, on Patio piocess, i. 6,37 
Utuii mine, (*alifornin, Mai'Arthur 
Korreat gold extiaction iirocess, 1 . 
837, 841 


V 

Valenciennes, on extraction of bismuth 
from bisiiiiitli -glance, ii. 368 

Vanadinite, i. 283 

Vapart mills, used for grinding zinc ores, 
11 . 99, 1(17 

Va lit Ill's process of gold chlorination, i. 
816 

Wlasco, I*i*dro Ferniindez de, nrn the 
Patio process, 1 . 626 

Wblemng, i. 763 

VeidigriH, prcMluced hy carhon dioxide 
on cojipcr, i. 6 

Victor-Friedrichs works, Alcxishad, lead 
smelling at, i. 419; refining blick- 
silbor at, 1 . .6tN> 

Victoria works, the, Silesia, ^production 
of copper-nickel alloys at, ii. 647 ; 
extraction of nickel from roasted 
matte, ii. 682, 686 

Vicille Muntagne (Jo.', the rcvcrlicratory 
furnaces for burning calamine used 
by, ii. 27 , 28* ; fumuccs for calcining 
zinc blende, ii. 46,49*; zinc-distilla- 
tion furnaces used by, ii. 126, 146; 
loss of zinc m distillation, ii. 171 
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Vienna Mill, Idaho, j%f^amalgamation 
at, i 097 

Violle, on melting point of copper, i. 2 ; 
on melting point of gold, i. 752 ; on 
volatility of zinc, ii. 2; on melting 
point of platinum, ii. 614 
Vitriol green, used in heap-roasting of 
copper fines, i. 07, 52, 213 
Vivian^s Copper Works, near Swansea, 
methods of smelting, i. 152$ con- 
verter process in use at, i. 166 ; im- 
purities in zinc from, ii. 3 ; fumacos 
for zinc-distillation used by, ii. 114*, 
116*, 116 

Vlandeeren's tin smelting furnace, ii. 
403, 404, 412 

** V ” method of copper heap-roasting, i 
34 

Vogel furimce, i. 351 . 364 

Vogel, A., on reactions of silver chloride, 

i. 401, 462; on Augustin process, i. 
709 ; on the method of antimony ex- 
traotinn at Lixa, Portugal, ii. 470 

Volatilising roasting of antimony glance, 

ii. 449 

Vortmanii, method of cobalt extraction, 
ii. 008 

Vortmann and Spitzer, on extraction of 
till by clectrolyai**, ii. 425, 426 


W 

Wad, occurreni-c of, ii. 59ii 

Wagner, <m extraction of gold by i»ro 
mine, 1 . 827 ; on the melting point 
of cadmium, ii. 241 ; on Silesian 
cadmium, ii. 246; on extraction of 
mercury in tbe wet wuy, ii 343 ; mi 
refining nickel matte, ii. 542 

Wallridgc, on extraction of tin bj elec- 
trolysis, 11 . 425, 426 

Wall Street Mine, the, California, native 
mercury in, ii. 25.5 

Walther-Kroneck Works, the, at Schop- 
piiiitz, I'arnowitz process of lead 
extraction at, i. 303, 3U6 

Walz-raffinad, i. 194, 197 

Wasliing, extraction of gold by, i. 760- 
763 

Washoe process of silver extra<'tion, i. 
647-673; crushing of ores, i. 649- 
654; treatment of powdered ore in 
pans, i. 654-662 ; separation of 
amalgam, i. 663-665; treatment of 
amalgam, i. 665-670 ; treatment ^of 
ores after amalgamation, i. 670-673 ; 
modifications cm Washoe process, i. 
073 ef 8tq. 

Water-jacket furnaces, i. 90 ; American, 
i. 92, 101 103; improvement in by 
Herreshof, i. 92; consumpticin of 
water by, i. 102 ; in use in Arizona 
and New Mexico, i. 168 ; for lead 


■meUing, i. 368, S6•^ 330*, Ml*- 

868 * 

Weathering copper orea fot tMaloniM* 
tion of sulphide into su^^te, i. 210 
Webster’s process of alumina manuteo* 
ture, ii. 040 

Webster Mining ami Milling Co., Marye- 
vale, oombmation nruoem of silver 
extraction at, i. 6l4 
Wedding, on nickel refining, ii. 596 
Wedding and tjlcieh, on production of 
chloride of copper in dry way, i. 
221 

Weiller, on electric conductivity of line, 

U. 2 

Weiasglas manufacture, 1. 867 
Weldws magnetn-electrie luachine, need 
in extraction of copper frm its 
alloys, i. 260 

Weldon process for making chloride of 
lime, ii. 679; prooess of chlorine 
manufacture, ii. 640, 641 
Wellner's etall, for oop^r roasting, i. 
48*; for lead-ore roasting, i. 328, 
388 ; for roasting lead matte, i. 383, 
408 

Wellner- Vogel furnace, formerh used at 
Freiberg, i. 365, 8M* 

Welsh fumaoe, for copper smelUng, i. 
132*, 133*,1.3M; oaloining coarse metal 
m, 1 . 139, 140; smelting coarse 
metal in, i. 141 ; for siiieltiiig white 
metal, i. 144, 145-, 146-151 
Workblei, see Work-lead under Lead 
Werren, on solubility of pure zinc id 
aeids, li. 5 

Werther, on purificatiou of bismuth from 
arsenic, ii. 370 

Westmghouse engine, Kt. Louis Works 
furnished with, i. 874 
Westuuinn, proposal for improvement in 
/inr extraction, ii. 185 n 
Wetherill grates, used in retorb-distilla- 
tion of zinc, ii. 10.3, 111 se^., 128 ; 

bis fumaces and method of pro- 
duction of zinc white, ii. 227*, 228*, 
229* et Mfo. 

Wetzlar, his TierraHeca machine forgold- 
washing, i. 762, 763; on Augustin 
piocess, i. 708 

Wharton, his' process of nickel refining, 
ii. 592 

Wheeler pans, used in Washoe process, 
i. 656*, 657* ; used in gold amalga- 
mation in Mysore, i. 796 
White furnace, the, for copper ex- 
traction, i. 81*, 82 ; f<ir roasting lead 
ores,! 339; for chloridising roasting 
silver ores, i. 684*, 698 
White metal, in copper refining, pro- 
duction of, i. 18; treatment ox in 
German prooess of copper smelting, 
i. 24; smelting coarse metal for 
production of, i. 140 ; smelting for 
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ooarae oopper, i. 14^146 ; by Welah Wurz, on the DeviUe aluminium prooesa, 
process, i. 144, 145^, 146 ; oompMi- ii. 640 

tion of, i. 146 ; composition of special, Wulfenile, oocurrence of, i. 283 
i. 160; an antimony-tin alloy, li. 436, Wyott, on extraction of platinum, ii. 
606 623 

White slag metal, i. 160 
White Pme Mine, the, Nevada, Boss 

process of silver extraction at, i. 676 X 

Widnes, Liverpool, Glaudet’s process at, 

i. 730 Xencmhon, lead slags from Laurium 

Wiedemann, on thermal conductivity of dating from time of. i. 420 

silver, L 466 ; of gold, i. 763 ; of 
zinc, ii. 2 

Wiedemann and Franz, on thermal con- Y 

ductivity of lead, i. 276 ; of tin, ii. 

375 Youngwood, on production of refined 

Wigsin and Co., nickel refining by, ii. mekel matte, ii. 649 


Wilhelmina Zinc Works, Silesia, Dag- 
ner*s adapters at, ii. 136 et neg, ; 
Siemens’ gas furnaces 'at, ii. 160; 
charge for distillation, ii. 161 ; loss 
of zinc in distillation, ii. 171 ; zinc 
refining, ii. 182 

Willemite, localities of, ii. 15 ; zinc 
white produced from, ii. 226 
Williams, on the Carinthian process of 
lead extraction in Missouri, i. 205 n ; 
on the water-cooled American hearth 
for lead extraction, i. 314 n 
Winkler,un barrel-amalgamation, i.689 m, 
69271 ef sea. ; on ceiiientatioii, i. 846 ; 
on neutralisation of sulphur acids 
from calcination of zinc blende, ii. 
69 ; his method of extraction of 
arsenical products from residues of 
coal tar colours, ii. 495; on com- 
pounds of platinum, ii. 616 
Witticheiiite, see Copper-Bismuth glance 
Wochenite, ii. 634 

Wohler, on extraction of aluminium, ii. 
637 

Wohlfahrt, on chemical reactions of zinc 
oxide, ii. 8 

Wohlwill, method of extraction of copper 
from its alloys, i. 260 
WolflTs engine, used in electrolysis of 
zinc, ii. 216 

Wolfram, in tin ore, ii. 382, 392 
Wolfsbergite, ii. 4.S7 
Wollaston, on extraction of platinum, ii. 
621 

Wood, on the melting point of cadmium, 
ii. 241 ; on alloys of bismuth, ii. 
361 

Wooilworth Mill, Washoe process at, i. 
671. 672 

Worcester Gold Mining Co., Transvaal, 
Mac Arthur-Forrest gold-extraction 
process at, i. 839 

Woulfs bottles, used in extraction of 
zinc oxides, i. 668, 569* 

Wullncr and Bettendorff, on specific 
heat of arsenic, ii. 471 


Z 

Zeehan and Dundas Smelting Works, 
the, Tasmania, lead smelting process 
at, i. 412 

Ziervogel process of deailverisation, i. 163, 
7^749 ; of kupfcrschiefer, 164, 156, 
182, 197 

Zinc, action on copper, i. 3 ; on cuprous 
sulphide, i. 11 ; on cupric sulpnate, 
i. 12; on cuprous chloride, 1. 12; 
on cupric chloride, i. 12, 1.3 ; pres(«t 
in cop|)ei pyrites, i. 26, 29; inuiHc fur- 
naces for calcination of, i. 85 ; re- 
duction of in smelling of calcined 
coppei ores, i. 87, 88, 91 ; action in 
elect nily BIS of copper slitnes, i. 262, 
263 

in lead ores, effect on the roasting and 
reduction process, i. 320 ; on smelt- 
ing process, i. 341 343, 346 ; special 
furnaces for lead ores rich in, i. 354 ; 
in various lead ores, i. 386 (f seq. ; 
elimination of, in refining lead, i. 
431 eC teq. ; desilverisation of lead 
by, i. 434 

alloy of silver and, i. 465; desilver- 
ising by means of, i. 519 522 ; pro- 
duction of silver-lead^zinc alloy 
from argentiferous lead, i. 522-601 ; 
desilverisinc process, i. 528-633 ; 
liquation of zinc scums, i. 533-538 ; 
treatment of desilverised lead, i. 
538 '539 ; prinluction of rich lead 
from zinc alloy, i. 539 et seq. ; dis- 
tillation of zinc scums, i. 640-548 ; 
smelting rich scums, i. 648, 649 ; 
cupellation of rich scums, i. 649; 
mmting zinc scums, i. 649 ; oxidation 
of zinc by steam, i. 650-662 ; lixivi- 
ation of oxides, i. 662, 663 ; extrac- 
tion of zinc oxide by ammonium 
oarbonate, i. 653-660 ; by sulphuric 
acid, i. 660, 661 ; combined pattinson 
and zinc desilverising processes, i. 
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661 ; production of sino-inlver alloy 
from work-lead, i. 561-566; cupella- 
tion of argentiferous lead, i. 566- 
596 ; refining, i. 596-601 ; extraction 
of silver by silver-lead alloy, i. 601 
ef Meg, 

effect on gold, i. 753, 755 ; used in ex« 
traction of gold from auriferous lead, 
i. 768 ; reduotiQin of in uold-refininx, 

i. ^ 

physical properties, ii. 1-4 ; impurities 
m various Kinds of commercial cine, 

ii. 3, 4 ; chemical properUei, ii. 4-6 ; 
chemical reactions^ eSne oomppundt, 
ii. 6-13; alloys of Cine, ii. 11, 12; 
zinc ores, ii. 13-15; metallurgioal 
products, i. 15 ; methods of extrac- 
tion, ii. 15-17 ; purifioation of zinc, 
ii. 17 

BXTBAOnON OF ZIMO IK tM9 OUT WAY, 

ii. 17-196 ; from ores, ii. 17-20 ; pre- 
paration of ores for reduofiicm, ii. 

20- 34 ; crushing ores, ii. 20, 21 ; 
burning or calcininx of calamine, ii. 

21- 32; calcining cd zinc blende, li. 
32-84; neutralisation of acids of 
sulphur evolved in calcination in re- 
veroeratory furnaces, ii. 52-59 ; re- 
duction of calcined ores, ii. 84^-196 : 
process of reduction, ii. 84 88 ; the 
charge, ii. 88 9U ; vessels used in the 
pixicess, ii. 90 102; general con 
siderations, ii. 102, 1U.3 ; comparison 
of process of distillatiun in retorts 
and in muifies, ii. 1U3-1U5 

the Belgian method of zinc distillation, 
ii. 105-130; adapters, ii. IJO, 111 ; 
furnaces,' ii. Ill ef neq. ; furnaces 
fired by grates, ii. 112; single fur- 
naces, li. 112-117 : double furnaces, 
ii. 118, 119; furnaces fired by grates 
and gas, ii. 110, 120; gas-fired fur- 
naces, ii. 120-124; the charge, ii. 
124, 125 ; process of distillation, ii. 
125-126 ; examples of distillation in 
retort furnaces, ii. 126-130 

distillation in muffles, or the Silesian 
process, ii. 130-173 ; muffles, ii. 1.30- 
133; condensers, or odapteis, ii. 
133-143 ; furnaces for distillation 
li. 143-144 ; old Silesian furnaces, ii. 
144, 145 ; Belgo-Silesian furnaces, ii. 
145-150; gas furnaces, ii. 150-160; 
the charge, ii. 161 ; process of distil- 
lation, ii. 16J-164 

economic results and examples, of 
muffle distillation, ii. 164-173 ; old 
Silesian muffle furnaces, ii. 164 ; 
Belgo-Silesian furnaces, ii 164* 168 ; 
furnaces with regenerators, ii. 168- 
170 ; losses of zinc in retorts and in 
muffles, ii. 170-173; data for cal- 
culating cost of distillation, ii. 173 ; 
extraction of zinc from furnace pro- 


cluots, ii. 174-184 ; refining zinc, ii. 
m-184 ' 

experiments and propMals for the im- 
provement of the dtp method ^ ex- 
tmotion, ii. 185-196 ; shaft famaoes, 
ii. 181 195 , reverberatory fhmacea^ 
ii* 191-192; oondenaation of zinc 
vapoiiti ton veaMls* ii. 198-194; 
shape and material of vessels, ii. 
194-196 

gXTKAGTIOM BV COIiniMCl» Wlff AMD 
DBY MBIUODS, li. 106-198 

EXTRACTION BY ILBCfeBOLTBlB, ii. 198- 
240 

in the wet way, ii. 108-223 ; extraction 
from ores, n. 207-216; from zinc 
sulphate, ii. 216 ; ftom eolations in 
orgonio acids, ii. 216 ; frefn alkaline 
solutions, ii. 217-21 8 ; extraction from 
ores ID which it is a subsidiary oon^ 
Btitnent, li. 218-221 ; extraction from 
alloys, ii. 221-223 

in the di^ way, ii. 223-240 ; production 
of merchantable zinc compounds, ii. 
226 ; production of zinc white, ii. 
226-235 ; preparation of mixtures of 
oxide of zinc, sulphate of lead, and 
oxide of lea<l, ii. 285-237 ; produc- 
tion of /.iiir Mtriol, li. 237*240 

action with caclniium. ii. 242 ; ex- 
traction of eucliiiium from, ii. 243 et 
tvq, ; action with mercuric sulphide, 
ii. 253 ; alloys of bismuth and, ii. 
351, 352 ; in (lemian silver, li. 506 ; 
effect on aluminium, u. 027, 632 
Zinc blende, localities of, ii. 13, 14 ; cal- 
cination of, li. 32 84 : foreign bodies 
in, ii. 35-37 ; process of cuhnnation, 
li. 37-39 ; calciuatum in heaps and 
hIhIIm, n. 39; calcination ot lump 
blende in shaft furnaces, ii, 39- 
41 ; of crushed blende, li. 41 ; cal- 
cination in reverberatory furnaces 
(1) fixed hand, ii. 41 43; (2) in- 
dependent hand, ii. 43 48 ; in re- 
verberatory furnaces heated by waste 
heat from reduction process, ii. 48 ; in 
fixed rcverberatoiy furnaces worke<l 
by machinery, ii. 48-50; in re- 
verl»eratory furnaces with movable 
healths, ii. 60, 51 ; with movable 
working chambers, ii. 51, 52 ; neu- 
tralisation of the acids of sulphur 
evolved by calcination in reverMra- 
tory furnaces, ii. 52-59 ; calcination 
in combined revcrlieratory and muffle 
furnaces, ii. 59-63; in muffle fur- 
naces, ii. 63 ; in fixed muffle furnaces 
with hand rabbling, ii. 63-71 ; with 
machine rabbling, ii. 71-74 ; in fur- 
naces with movable chambers, ii. 74 ; 
utilisation of the products of calcina- 
tion, ii. 75-84; electrolysis of, ii. 
200, ee eeq. 
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U&oom, Me Hvdroadnoite 
oarl>OMte, cDemical reactions of, ii. 
12; extraction of zinc from, ii. 
197 

ohlnride, cUemical reactions of, ii. 
12 ; extraction of* zinc from, iu 197 ; 
ele^rolysis ‘of, ii. 216, 219 
•green, ii. 613 

oxide, ebemical reactions of, ii. 6-8; 
action with zinc sulphi^ ii. 10; 
extraction of zinc from, ii. 196 ; pre- 
wation of, ii. 236-237 
red zinc ore, we Zincite 
silicate, chenucal reactions of, iL 11 
(Me Electric Calamine) 
spar. Me Calamine 

sulphate, chemical reactions of, ii. 12 ; 
Muotion of in zinc distillation, ii. 


86, 196; reduction by electroly si 
ii. 209 M M^. 

stttohide, chemical reactions of, ii. 9^ 
11 } reaction by electrolysis, ii. 
213 aeq. 

sulphite, extraction of zinc from, by 
(Aeotrolysia, ii. 216 
vitriol, production of, ii. 237-240 
•white, production of by electrolysis, 
iL 226-236 ; composition of ores con- 
taining, ii. 226 

Zinrite, If^slities of, ii. 16; zinc white 
produri|U|M|^ii> 226 
Zinkenit6,^iijpH^& 

Zinkstuhl, of tn|pd Lower Harz lead 
furnace, i. 3^i» 

Zoppi, on precipitatioik of copper from 
cupric sulphate, i. M 
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